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Drying method using heat treatment has a major impact on nutritional value of black soldier fly
larvae (Hermetia illucens; BSFL) as an excessive processing (80-100°C) may destroy amino acids, resulting
in low digestible value. The objective of this research was to determine effect of the drying method of
BSFL on chemical composition, amino acids and in vitro protein digestibility. Two drying methods were
used as follows: 1) hot air oven at 60°C 48 hours (BSFL-O) and 2) microwave at 500-550 watt for 10 to
12 minutes (BSFL-M). The results showed that dry matter (DM) was greater (P<0.05) in BSFL-O (97.39%
DM) than in BSFL-M (93.03% DM), but ether extract was greater (P<0.05) in BSFL-M (32.01% DM) than in
BSFL-O (31.83% DM). Furthermore, crude fiber was greater (P<0.05) in BSFL-O (5.77% DM) than in BSFL-
M (5.58% DM), whereas neutral detergent fiber (NDF) and NDF-linked protein were greater (P<0.05) in
BSFL-O (15.30 and 5.22% DM, respectively) than in BSFL-M (14.85 and 2.82% DM, respectively). However,
there was no difference (P>0.05) in crude protein between BSFL-O (46.51% DM) and BSFL-M (46.62%
DM). For amino acids, contents of histidine, threonine, aspartic acid, serine and tyrosine were greater
(P<0.05) in BSFL-M than in BSFL-O. Moreover, in vitro protein digestibility was greater (P<0.05) in BSFL-
M (88.69% DM) than in BSFL-O (86.80% DM). In conclusion, drying method using microwave can reduce
the denature of amino acids, resulting in greater protein digestibility of BSFL. Therefore, microwave can
be considered as an alternative drying method to improve the BSFL quality for industrial animal

production.
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NIVWAAIEAIUTOUAINANTENUSDAAT
matnvurlunueuiasiuaie esannszuiunis
Tinuseuguiuly (80-100°9.) agviharensnesilly
fualviAnsdesldanas suifeddedingUssasd
WioAnwBndnareisnsiuiiueuwtasiuae
nooIRlTznaUNINLAll nsnesiilunaznisteulaves
Tsiulunasanaans nsviwiedl 2 35 ¢l 1) au
fsanfeuiigungd 60°w. sruziian 48§19l
(BSFL-O) wag 2) susaglulasiinniasll 500-550
TRe Sreugl1an 10-12 U9 (BSFL-M) nan1s@nen
WU Taguiie (OM) fa1ga (P<0.05) lu BSFL-O
(97.39% DM) tUFsuriiguriu BSFL-M (93.03% DM)
worlvsiusiange (P<0.05) Tu BSFL-M (32.01% DM)
\W3puLieuifu BSFL-O (31.83% DM) uenanninuin
1§ oledlAng s (P<0.05) 1y BSFL-O (5.77% DM)
\W3Builausu BSFL-M (5.58% DM) vaueiiiieledilsl
azaneluansazaneiidunans (NDF) wag NDF iy
Aulusaudaias (P<0.05) Tu BSFL-O (15.30 uag
5.22% DM, aaau) WieuLiieunu BSFL-M (14.85
uay 2.82% DM, anuensu) sgnelshnualusiulaidl
AMULANANAY (P>0.05) 781319 BSFL-O (46.51%
DM) 8z BSFL-M (46.62% DM) dnsuainsnoziilu
WuIBanau niletdu nsaneauldn LwasuLay
Inla@uilrga (P<0.05) lu BSFL-M wWiguiiiguriu
BSFL-O wenanimuinemseesldveddusivluvaon
nAARIlA1g9nI1 (P<0.05) Tu BSFL-M (88.69% DM)
W3suiiiguiu BSFL-O (86.80% DM) na1ilasasy
nmsviunelagldlulasianaiunsaannisvinatsnse
pxdlulazdmaliainisveulaveslusiuvesnuou
wnastuaedangs dadululasanfadudnnds
Maldenveaismsviusiad o1l ua A LDy
wiasTuanedmsundndndlussiugeamvngsy

ANRNAY:  MUBULIATIUATY AUIZNOUNILAL

Msgagls avausou bulasyIn
A

HagUulugpamnsmadniialanday
FoaMsonsan TunnnImi st ud sl (Alltech,
2021) dwalinnudosnsingauwvadusiuluemis
Fniiatulneamznndmdes ogdlsiniu 1nnndn
95% maqmiﬂgﬂ{ﬁmﬁau‘?mmﬁm%’aﬁumwﬂ%ﬁﬁu
LLazﬁigmé’mf?ﬁmé’am (Van Huis et al., 2013) 91A
Hymdana T difnsvunadusiunadeniiie
ausiunsdsiuvesemsluowan dauasadunds
FonAviiutaulawazamisniiunldid sada 1y
Hosanifuundsomnsi gauludaelusiu ludfy
Foniunazissig (Ravindran and Blair, 1993) wagld
HuingAumawnunndamdedluomnsdadle (Makkar
et al., 2014)

nUBULNAITUAY (Black soldier fly larvae:
BSFL; Hermetia illucens) Lf]ULL@JaWﬁ@MﬁQﬁﬁN%
FAndu Bosie Tnis uazanunsadedasldTag v
A mAUABulUdusmueuiifiaAmsemsgs
(Oonincx and Boer, 2012) 31ANNTANYITBYANUT
usuusasiuaedalUsAY 35-57% wazlusiy 6-32%
Tneauiuudsvesrlnauyludmmeud ufuannin
999917157 YI11LE B9 (Kim et al., 2021) wonnt
NTLUIUNITHA AV UDULLATTUANBUTIT I NN BNNT
Wa suudasvesalasugliinendunisevaudou
n5Uuda nsaanelusiy wiensanalugiu (Ottoboni
et al., 2017; Schiavone et al., 2017) Fanszuiuns
iuitadegldanufeudus nni waseiinsenuse
aeAUsEnaUMBAiuazauAmalnsuglufuou
(Huang et al., 2019) eﬁéamﬂﬁizé’umm%’auqauaz
sepza il ul wazdnavilinsnezdluluag A
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gniansuazdnaliAn1sgaele luddndianas
(Kaewtapee et al., 2017) aiinszuaumslianuseu
WUUBUaNsau (Hot air oven) agldliauiuuazdna
poAlnsusanaslundniue (Figel, 2010; Sunjka
et al,, 2000) Tuvauzfinszuiunsyuissaelulasim
(Microwave) 1 un15ldwdnn135aa uwyd ind nlasl
mnufgelunseduliianavesndnsusiliAnnisdu
wazldundnuauiAna191uANS o UV lANa N A el
anuaziinmssumeveai Inefildszernaniiduias
finanon15.U8 suwlasn109d Usznauniaaiily
nanAuNtes (Giri and Prasad, 2007; Lenaerts et al.,
2018) lnga1nA1SANEINITYINNUOULNASI T LR8I
mglulasinnuiivinnunseesiilugendiniseume
LM1BUANS O (Purnamasari et al.,2021) [ ULABIAY
Mseuuss wisalaenslelalasrni nasvilr 3
votluiu ussguarinfiudganimnsldeneuauiou
(Bawa et al,, 2020) agnalsAnudalainisdnwinian
158 0ele w0l YULVOIMUBLLLAYT YA WA IR 14
lalasiUSsufisuaieniseunisausou nsAnY
pdsilTalt Inguszasdilofinunaresnsyununisvhli
wienae3snsevansounarlulasinnensnusznou
maadl nsnesiilulazainisdeslaveslusiulurasn
NAas (In Vitro protein digestibility) Uamiuauniayiy
anednsulddunuimslunisudnrueuiuasivane

wisnfigauniniteliiduemsdnd
L3 ac
aUnIULaYIdNTT

yuoukiasTuaeiililununeaedvediag
o1mslA TaengAundn Ae dnlnauaznindundes
yhmsiiunusuandieny 14 Jumdaaniinesnainld
(Figure 1 A) ﬁmﬂj’uﬁﬂﬂLLﬁziLL%&ﬁqmgﬁmzmm -20°%.

Wasethlunmasssall Tunisvaassaztinviveusani

avareudutanueuesndu 2 4a 9 az 500 n3u e
Bl uie @aid Treatment 1 (T1) nuouuiasiu
anULIRTansou (Black soldier fly larvae drying
by oven; BSFL-O) segau (ED115-E2, BINDER GmbH,
Tuttlingen, Germany) #i gaunnil 60°. uszeziam
a8 3l (Figure 1 B) (De Marco et al., 2015; Maurer
et al., 2016) wag Treatment 2 (T2) AupuLLaI LAY
auusaaglulasiav (Black soldier fly larvae drying by
microwave; BSFLM) Tnglfias adlallasianl (EMIV20K18GW,
Electrolux AB Ltd., Stockholm, Sweden) alu
500-550 06 s2821Ia1 10-12 Wil (Figure 1 C) Ingau
ThuouuiasTuatsuisant uazgniiluuas iy
APWNTITUIN 0.5 3. udiBuilgumndl 4%, antusin
nswsELfogeueus 2 uuulaeuUsoondu 3 4
wioldlunsmeaes

A5n15v1n1svaelaturasanaass (n Vitro
digestibility)

Tumeu gunsal uarisnisvinisdesldly
naeAnaaos (In Vitro digestibility) 9¥vNa 1135 U0 4
Boisen and Fernandez (1997) Taguna 108 1914 Ty
MABANARBISIUIY 3 T o208 199 N WA NEns
Tiediiiosaesannglunssmnzamsiaeiinsusu
oH 1l 2.0 nduisoulediudu (Pepsin) vinis
W BBIAT D9 Water bath (FWS-30, Faithful Instrument
Co,, Ltd., Hebei, China) 7 g umg i 40°. 1 utaan
6 Flue antuusu pH Ju 6.8 iilesaesaniizly
aldudnfueulwilnuaiiofu (Pancreatin) Lugsie
FeLAT 99 Water bath ﬁqm‘mqﬁ 40°%. \Juiaan 18
Fala wdIN503R 198 19R 280 dbuasu (Nylon bag)
ntuthiegsiieglugsluaouithikiunmsgosly
AE%mAlUsAUlaeds Kjedahl method wagin
Aiildnfuamnensgesldsely
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Figure 1 A: Black soldier fly larvae (BSFL), B: Black soldier fly larvae drying by hot air oven (BSFL-O),

C: Black soldier fly larvae drying by microwave (BSFL-M)

NM5AATIZHNI9LAT]

wuauumﬁumaﬁjﬂamLLUU%QmLUQLTJu
¥ilnaz 3 51 lnghludnssvmalnwuesedanis
Proximate analysis (AOAC, 2005) Usznaunlging
W3 (Dry matter; DM) TUs@u (Crude protein) Tagiu
(Ether extract) oty (Crude fiber) wagian (Ash)
Fias1zvninsnezdludeias a9 Ultrahigh
performance liquid chromatography (UHPLC, 1100
Series LC system, Agilent Technologies, Santa
Clara, CA) waz31as1zv s oledi luavarelu
ansazanefidunans (Neutral detergent fiber; NDF)
wazduvesnduwad il azarelunsa (Acd
detergent fiber; ADF) ANu35 V89 Van Soest et al.
(1970) Feiifin1sinsesimenTUsiunazidnisuoy
TupirUsznouned NDF uwag ADF 39azldd NDF-
link protein, ADF-link protein Wag ADF-ash Nt
Az1IAIUIIA AR UAINIB Y8 Marono et al.
(2015) 91n@un13 Chitin (%) = Ash free ADF (%) -
ADF-linked protein (%)

nsAATIEdayanieain

ARIAYTENRUNIAAT NIRDEHlULAL AN
n1sgeulavemusuntasiuatsuwandusluuy
ALad o (Mean) hagd1uild saLUuNIATE U

(Standard deviation) 1T ulUSsuIiBuAILREY
Y9999 2 Nauea8 Paired T-Test La¥N1MUAAINY
LANE 97 sEA e ey P<0.05 Taeldlusunsy
?7’11,%‘-031] SAS Studio (SAS Inst. Inc., Cary, NC)

NaN15I8

ArpsAUszNaUMaAlinaznInazilly
HansANYIMARIAUSENaUVNAAT (Table 1)
NUIATINQUIAYRY BSFL-O (97.39% DM) dA1gendn
BSFL-M (93.03% DM) a8/ 190 W d1 A qyn13ad f
(P<0.05) wuLfeafuA1lugiu BSFL-M (32.01% DM)
89031 (P<0.05) BSFL-O (31.83% DM) luwauzidn
W& oleTu BSFL-M (5.58% DM) flsn31 (P<0.05)
BSFL-M (5.77% DM) 8¢/ 190 Wea1a gyn19ad i
(P<0.05) pgalsfmualnvurdu 9 liua Tsfiu i
ADF ADF-linked protein ADF-ash e ash free ADF
Liifianuuansnsiunieada (P>0.05) wonaniiile
W21581A1 NDF %U31 BSFL-M (14.85% DM) fian
N (P<0.05) BSFL-O (15.30% DM) iufeniiuiu
A1 NDF-link protein 11 BSFL-M (2.82 % DM) 71
A16IN97 (P<0.05) BSFL-O (5.22% DM) usianlafiu
Taiflmnuunnansiunisedia (P>0.05) Ing BSFL-O uaz
BSFL-M fAuvniu 2.29 way 2.17% DM auanau
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Table 1 Chemical composition (%DM) of the black soldier fly from two drying methods

ltem BSFL-O (n=3) BSFL-M (n=3) P-value
Dry mater (%DM) 97.39+0.03° 93.09+0.17° <0.05
Crude protein (%DM) 46.51+0.17 46.62+0.32 0.86
Ether extract (%DM) 31.83+0.06° 32.01+0.06° <0.05
Crude fiber (%DM) 5.77+0.02° 5.58+0.04° <0.05
Ash (%DM) 6.23+0.02 6.18+0.04 0.15
Neutral detergent fiber (NDF; %DM) 15.30+0.04° 14.85+0.09° <0.05
Acid detergent fiber (ADF; %DM) 6.44+0.03 6.04+0.13 0.08
NDF-linked protein’ 5.22+0.48° 2.82+0.36° <0.05
ADF-linked protein? 3.68+0.05 3.50+0.05 0.33
ADF-ash’ 0.47+0.03 0.37£0.05 0.06
Ash free ADF* 5.97+0.03 5.67+0.13 0.14
Chitin® 2.29+0.02 2.17+£0.04 0.33

BSFL-O: Black soldier fly drying by oven, BSFL-M: Black soldier fly drying by microwave

INDF-linked protein: Neutral detergent fiber combined with protein; ?ADF-linked protein: Acid detergent fiber combined with

protein; *ADF-ash: Acid detergent fiber combined with ash; %ash free ADF: Acid detergent fiber non combined with ash (ADF-ADF-

ash); °Chitin: ash free ADF-ADF-linked protein values within the same raw carrying different superscript letters (a, b) are statistically

significant at P-value<0.05 by Paired T-Test.

d1usvlsuiunsaezilu (Table 2) wuin
BSFL-O fAnsmesdilugniusyning 0.50-3.47% DM
waz BSFL-M fid1581319 0.78-3.79% DM lagil
Faf AU uwazyIlotduves BSFL-M (1.54 uaz 0.50%
DM snudsiu) A1gan1 (P<0.05) BSFL-O (1.41

way 0.78% DM anudau) vauziinsaasiluludniu

Y99 BSFL-O {1A151919 1.05-5.12% DM Ly BSFL-
M S@1581319 0.94-5.43% DM Tnefinsauoaurin
wosu waglnladuues BSFL-M (5.11, 1.93 uag
3.69% DM aud1au) dA1g9n77 (P<0.05) BSFL-O
(4.47, 1.70 waz 3.00% DM su&16U)
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Table 2 Amino acids (%DM) of black soldier fly from two drying methods

Item BSFL-O (n=3) BSFL-M (n=3) P-Value
Essential amino acid
Arginine 3.47+0.11 3.79+0.15 0.41
Histidine 1.41+0.06° 1.54+0.14° <0.05
Isoleucine 1.50+0.05 1.52+0.09 0.65
Leucine 2.84+0.10 3.02+0.03 0.09
Lysine 2.02+0.05 2.06+0.08 0.78
Methionine 2.90+0.10 2.91+0.61 0.88
Phenylalanine 1.39+0.06 1.48+0.11 0.22
Threonine 0.50+0.13° 0.78+1.77° <0.05
Valine 0.60+0.02 0.63+0.06 0.06
Non-essential amino acid
Alanine 3.75+0.19 4.00+0.04 0.37
Aspartic acid 4.47+0.19° 5.11+0.03° <0.05
Cystine 1.05+0.08 0.94+0.01 0.32
Glycine 1.14+0.04 1.26+0.02 0.09
Glutamic acid 5.12+0.24 5.43+0.25 0.12
Proline 2.62+0.05 2.50+0.01 0.36
Serine 1.70+0.08° 1.93+0.01° <0.05
Tyrosine 3.00+0.14° 3.69+0.07° <0.05

BSFL-O: black soldier fly drying by oven, BSFL-M: black soldier fly drying by microwave

Values within the same raw carrying different superscript letters (a, b) are statistically significant at P-value<0.05 by Paired T-Test.

Ansdasldlunaaanaaas (In vitro digestibility)  laTnguialu BSFL-O (88.77%) #1n77 (P<0.05)

Arnsesldvoslusiu Tnguis uag  BSFL-M (91.05 %) agslsdmrumainisgoals

duniginglunaeannass (Table 3) wudi An1s  Suniginglu BSFL-O waz BSFL-M luumnsnafiy

goulavoslusauly BSFL-O (86.80%) 1171 o198y

(P<0.05) BSFL-M (88.69%) WuLfgafufuaIn1seos

o

dAnsads (P>0.05)
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Table 3 In vitro digestibility (%) of black soldier fly two drying methods

In vitro digestibility BSFL-O (n=3) BSFL-M (n=3) P-value
Dry matter 88.77+0.26° 91.05+0.22° <0.05
Crude protein 86.80+0.32° 88.69+0.02° <0.05
Organic matter 87.39+1.44 88.64+1.15 0.36

BSFL-O: black soldier fly drying by oven, BSFL-M: black soldier fly drying by microwave, SEM: standard error of mean

Values within the same raw carrying different superscript letters (a, b) are statistically significant at P-value<0.05 by Paired T-Test.
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