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Abstract

In this study, we examined the quality of Tenebrio molitor L. that ingested yuzu supplemented feed at four feed
compositions: C120 (120 g Chinese cabbage), C80+Y40 (80 g Chinese cabbage+40 g yuzu peel), C40+Y80 (40
g Chinese cabbage+80 g yuzu peel) and Y120 (120 g yuzu peel). Tenebrio molitor L. was fed for 90 d at a rate
according to age, after which the moisture, crude protein, crude fat, and crude ash contents of the samples were
determined to be 0.49-0.50%, 52.58-53.90%, 30.76-32.34%, and 3.32-3.45%, respectively. Color values, namely
yellowness (b) and redness (a), were observed to decrease with increasing yuzu ingestion, and the C80+Y40 sample
exhibited the highest lightness (1.=36.28). The K and Mg contents were observed to increase with increasing yuzu
content, and Pb and As were not detected in any Tenebrio molitor L. sample that ingested the yuzu supplemented
feed. The free amino acid (serine and alanine) contents also increased with increasing yuzu content, while the histidine
and arginine contents were observed to decrease with increasing yuzu ingestion. Naringin and hesperidin were detected
at 1.77 mg% and 1.63 mg% in sample Y120, respectively, while trace amounts were detected in samples C80+Y40
and C40+Y80, but none were detected in the control. The total polyphenol and flavonoid contents increased with
increasing level of yuzu ingestion, and were highest in sample Y120 (123.11 mg% and 5.69 mg%, respectively).
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7HA AT 40%°17% /4 Ao R dskal Tk3). 2
402 ol&5 1 v TFo 2 e =g H Y E(Coleoptera),
UH] E(Lepidoptera), W|%7]¥(Orthoptera), 17§71 ¥(Isoptera)
2} ¥ E(Hymenoptera) 5-°] o™ oA = AEAST

n|, d¥utol LA FF, ArFdel F%, vF7] ol
AZATE AMRE T QUth4). 2 AR B (Tenebrio molitor
L) 9de 5 AA g e &3, 20144 52355
oA SHHAALE Fall FAA AFUER AP HAH,
2016130l = QAo et J g} S 7 "ol 1
ADE vRro 2 2379 oFFH7 A (Ministry of Food and
Drug Safety, MFDS)el @A 2% 5= Q1S e 43
ojth5). AMAA = oln] Ydet=, v, 4 T 5
B2 MG F ofrJo} Tl A A Lo g AMRED Q=

ZZ0ItH6). L F FToIME ZAAAZ Y BEY WY
g Jatela 54 75 fAste] felEdEe] A%
2 S AdAets For deA o, HPAET)E
I Az Sol dggtEo]l 3EE L ek7). =l
AE dut 21Z 988 0% Wy Adx ¥wd A3t
o] Ao} AP, 14F S e fHY R “1n
o7l WA o] B wHE dto] -3l IA gt
Atk MA Eo] Ta AR 7ItHEA] %ol @Y7t
A ato] 7hssh A5 AR 4= 9lo] ARIE} Bl wH
golaly o2 Z3d vlg| A7]|7F 2 Wzl9} thele]
H]g&o] Yo uj] Fi-o nlgo] o} i AAH W E¥7}
Hl w2 ddsle] ©d ZfA ] F-9fo w2 A gt 5o
2pol 7k A2l glol 7k A7 @3 7k A A gloiA
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w3Aolr] 714 P Erhn Qe ko). 41
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BY3ksp] A3 714 2 9Fe] AEn Ara. o2l

T2 ZAA-FEE A A26H ATE (2019)
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¥ A0 AL f A7h AR g Aol 2l
2](Tenebrio molitor L)© AePd®E 13757 =AEH <
25 AR A AFSEUTE AR FElE v =)
o} FA} Ao (RIS 3 Hl gl wE Z2te] Alsd
370e] ARS FARHONE 23AF 271 ¢ 615%380%90 mm)H -4
A A Bt AL, ARSe] hEE ZAAAA e 297t H 2
T AS AzPEER nlo]ZR2 Y o] BAZT|(WI-MW100,
Hwajin Co., Gwangju, Korea) 2 7132-2% 75-80Col| A 7-8
i Azsiien, dAsHA 4 sted 20ToA We B
P AR R ARSIt B AdelA AR A Bl
chromatography ~ AF& &1l acetonitrile(HPLC§-)-<
J. TBakerA}(Phillipsburg, NJ, USA)°l| 4 1)} 3}$3 12, Folin-
denis reagent, tannin acid, quercetin®} naringin, hesperidin
EZFE 2 Sigma Aldrich Chemical Co.(St. Louis, MO, USA)
oA Fdstdth 718 AHE Aeke 55 9 High

performance liquid chromatography 532 AF&-3F1
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ALR Alo] Y AlE 2
AR AbsE A 5o fA Hu)o] 23 vlE
o WE AlE HEA| A 879 ZAILS Table 13 2t} 2]o]
WHE 7S FAIRR FEst SRS 1
9] JFE FHS el wiFot fAF Aol 3| &
FA] 120 g2 23U HHo2 F 90dzt
v, TRl ek xol7t ), 25T
A IS E 60-70%, 3271 14 L : 10 D)ollA
90U 7+ ARS8l oH, o] F 2835 mme] F5S 297 A4
% vlo]ZE o] HAZ|(WI-MWI100, Hwajin Co.,
Gwangju, Korea) = 7123 24 AR 2] & &3} st}

Table 1. Feed composition

Feed composition

Samples -
Chinese cabbage (g) Yazu peel (g)
C120 120
C80+Y40 80 40
C40+Y80 40 80
Y120 - 120
ULHNE B4
U2 AOAC WH(18)° whet w43kt =, &
2 AR 3 g& 42 Ao FaL 105C dry ovendl|A]
Gepol B yrbA A2 TAE SP3te] TR, 2
Tl g o] 9Fe Kjeldahl] 0.2 S48 Aaddl] A2
T 6255 Hoto] AEstH o, X e 52 soxhlet
FEHo R It 23 FS AF 1 g2 250TlA]
ov] 3]3ket ¥ 600TlA Bl3tehe A4 et o o3
ot
Mg £
Ae 4L AR dHFe F &l A=Al super color

sp-80, Tokyo, Denshoku, JAPAN)E ©]|-&3] X=80.84,
Y=82.22, Z=92.98%1 £<+ 4 F(standard white plate) > =
BAsle] ALgSiRith A HEE YehllE L g
(lightness), 2412 UFER & a Zh(redness) 2 3H41-S YERY
= b Zk(yellowness) -2 YERNA T

27148 3 3% 24
BA9E 9 F3% B 4ETH9 A4y

A
o oJsle] Aejste] AL S, AE 2 g& ATS

550-600C= 3|3} AlZl & S7F 1 mL9 2405 mLE
7}ste] heating platecl] ] W& o] dod wff 742] 7+
A7l T8 A4 05 mLE 713 & ZF4E 100 mLE A8
sto] Ao g stk 2t F714dE] A S g3
AW Al (Perkin Elmer Analyst 300, Perkin Elmer Co, Norwalk,
CT, USA)E 7} 94ae] B389 F55 1,3 2 5ppme =

S|
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welofo =i &4
2] o4t F412 Ohara®} Ariyoshe] W (20) 2.2

2Aeth 2, AR 1 gol 2R5E £3te] 100 mLE
4ed e QaRede] 499 10 mLE A3
o

sulfosalicylic acid 25 mgs 7}8te] 4TCol|A] 4A]7F F7F HHX]
A7l & A4lEe] oto] dild 52 AASITE 1 4
< 0.45 ym membrane filter(Millipore Co., Billerica, MA,
USA)Z oAZsto] A2 oA JA=F #H e ths ofv| At
AFEE-2] 7] (Biochrom 30+ Amino Acid Analyser, Cambridge,
USAE o]&3ste t5d e oz A3t
Buffer solution+<> sodium citrate buffer(pH 2.80, 3.00, 3.15,
3.50, 3.55)= A}8-3}%1 11, buffer flow ratex 0.42 mL/min,
ninhydrin flow+= 0.33 mL/min, injection volume< 20 L,
column&%=& 37C, ¥E2EE 135C2 43131
HElE Y slaxmald 24

Uz, slxggd #4249 AR 10 gofl 57/
7¥ate] 100 mLE %83 ths 80T FF-&F2A 30
7 FZ5kaL A41E2](3000 rpm, 30min)A A 7
# 3} 045 pm membrane filter2 o Z}3F
HPLC(1260 Series, Agilent CO., Darmstadt, Germany)Z- ©]
£-3lo] EA5 Tk Column Sunfire Cig(4.6%250 mm, 51
M, Waters co, MA, USA)2 A}-4-3}%] 11, mobile phase:=
20% acetonitrile, flow rate 1.0 mL/min, injection volume 30
L A3ttt ¥ 554 (naringin, hesperidin) S A 8.9} &
gk 7oA BAsk] w5 AIRES HlaE] gRlEkgl e
o, AEFgde2dy 1 s A=t

)‘
o wlo AL aru

12 12 H

R o

£ Eojdls W & EglELo|lE &4
% Z9)9E %L Folin-Denis (21)9] &8t =48}
ATt EFFE A3 AJlEFEE 2 mLo| Folin-Denis

E3akaL 1AZF WA g v 660 nmell A 3 =S S5k
St} EFEZ ZE tannic acidE AFESIETH & S8R
o= L Davis WHEYC e ZHAAG. A EFE

1 mL ©f| diethylene glycol 10 mL%} 1 N NaOH 1 mL&
33 H 30TAA 6023t 74 A1 T 420 nmol| A
FHEE S FATh Quercetin®] H S o] &3t Fet
Hiol= gekd ALttt

SHAz|

BE AY Aye 33 o)) wHEsto] PR EAHAbE
YeRl e, SPSS Z = 1225, IBM Corp Armonk, NY,
USA) S AHEste] 4t B4-& S3eith 7t Al5e] &
Aol gt o) 1AL A B8 @ F p<005
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o] 4] Duncan’s multiple range testZ 2 A] S} T}

i} 9 pE

[e]

T =i
Az Fde] Ak A A3 Table 29+ 2T} 748
3eEo- C80+Y40 A ET17} 050% 2 7MY o RIS
K931, C120, C40+Y80, Y120 =& YEh} Al 83t
r ztol=  Holx]  ergith oA e
52.58-53.90% 921, ZA T2 30.76-32.34%, 3]
B aFe 332-345% o7 Lee 5(23)2 dut AlR
ZAFAE 7R 2 Als 2A) 08 ARSgE 4
A Az B dvtgE B Aol fAle AnEs
Uetfo] 2171 H7E Abs 2ol 7t 2 AR 2l o] YRk
i 26 AA TS AR F2 AE 9 o1,

127 R14 Aol T Holx Bgiuk,

>
m

Table 2. Proximate analysis of Tenebrio molitor L. ingested yuzu
supplemented feed

(%)

Sample” Moisture ~ Crude protein ~ Crude fat Crude ash
C120 0490027 5336+044™  31.0420.58™ 332007
C80+Y40 050006  52.58:0.55  3076t1.09 345013
C40+Y80 0482002  5390:135  3234t142 3352010
Y120 047:004 5278139 3147134 339008

See the legend of Table 1.
NS, not significant.

M =

FAF A7F vl WE Als BZEA| 2o A AR
Az Bao] Aw 2% Av= Table 33 2t =2 e}
W= Lzk(lightness) C80+Y40 Al E19} C40+Y80 Al &+
7} 247} 36.28, 35222 =A VERG =T HF S C120
A BT fAbE A28 Y120 AR Bk foFow =
< #g Bt ANEE YER = agk(redness) C120
AEF7F 10892 7S =A YERsew, C80+Y40,
C40+Y80, Y120 Al B0 2§94 2}o](p<0.05)E B3
th Kim 5(24)2 §2F 33 & #H7ste] Al z23 3159
AEE 24 A7 2 3] ool S71ErsE Aawrt
it Huslelon, ol & Ao Aol fAket
A et TS YeRl = bak(yellowness)
C120 A 277} 19202.2 714 =7 UEREoL), C40+YS0
AET7F15.65%2 71 WAl el fAF A FH el e
frolZ Aol Holx] it} B AT Ayl fAF AF )
upe} A7} ghaeke e Bl ole Ak A3

T2 ZAA-FEE A A26H ATE (2019)

2AAA ) Ao G HAE Zow AR

Table 3. Hunter’s color value of Zenebrio molitor L. ingested yuzu
supplemented feed

Sample” L a b
C120 34.00£1.17? 10.8920,34° 19.20£1.39*

C80+Y40 36.28+0.88" 10.762047° 18.4520.90°

C40+Y80 3522£1.05° 10.39+0.38" 15.65+2.77°
Y120 33.65+1.57° 10.13+0.32} 17.87+0.84*

"See the legend of Table 1.
IMeantSD with different superscripts within the same column are significantly
different (p<0.05) by Duncan’s multiple range test. a>b>c.

T2 H7F ALR BA] 2o] AR Fr1/d %

= A FIAE T
¥ 259 gl 1,603.47-1,710.17 mg% = TFE F7
ol vlal =4 dEbdth 8 94 s B 2

o HI

il

—

\

o

61.48-66.25 mg%°ll vl F-o]H o2 =A Yeht 2 A
Vo] TUVEFE e gake Btk AFS] e
2ol A3 &l 71 B2 Y120 AlET7) 1,710.17 mg% =
71 A Vel om C40+Y80, C80+Y40, C120 Al E7-5
o7 A Aol STV AEe el feHew
S7F3l3Ith Song 5(25)2 A Fle] FrdRE BAE
A3 Z-Fol 7MY #A B FE AT sile AdA
T2 vl w2 Fkel Sk AAA e fAt
2lolof o&] Zg o] Hold Zog Az vy
T & =9 Y120 AlE77) 569.10 mg% = 7Hg A v}
wkom C40+Y80, C80+Y40, C120 A| 8= o 2 2t 7}
Fol /TS nfdlge] FEol foldog Sk
ol ofde] L FAE AFH S C80+Y40, C40+Y8O0,
Y120 3709] A&7 fAE AH A 92 C120 AlET
o Hl&] 7t T TS o) Fo4 Aol Kol
EATE ZAES AWM AR FEEE Al #
3t oA tiAF E ol 2kaE B He] V)Ee] =S
T T3 550 wi & Ao d4S GFe

ol &Y ol @ A 7o S FEAow &
A= B Z26) AAAA ] T A

2 AT AAAA ] Fasol tigk ok

37] Qlal GAF AR 2lo] 2o whE 2 AR
H) 2ol ti 3t B2 AT B4 Ao =

A HEEA 2ol 2 okA 3A|27)9] 71l A

2l H 30

N

walote| i
Frelobliabe: 4Fe] vl AHH0R Aesolgl
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ofu|i=gte] FRol wet thE kS 7FA| 2L 912 serine E HH F 19%9 felolveste] AEH ATk B §f
2 alanine 5°] kol histidine, arginine 0] 254to] < &k 3 9oy B Ao A& tryptophanS A 2] gk 18F2] #2]
= A= Aoz g A ATh28). wekA felotn| it ofu| :qto] HEE QT o= AAAA T Ao] 213
S A gk sk AF 4w 2] Ats Az 2710 93 ojn|iAal A o] debxivia AetE
2lo] 1ol wE ofn| it shekS A 319 Th(Table 5). ofu| At B BX AsE B proline¥} arginine©] Zt
dubd o g ZAMAR ] fe] opn|Ait 24 4 ATKB) 7} 470.08-515.95 mg%, 335.15-380.41 mg% = 7Hd =7

Table 4. The contents of mineral in Tenebrio molifor L. ingested yuzu supplemented feed

(mg%)
- Mineral Heavy metal
ample
b Ca K Na Mg Zn Pb As
C120 77631857 160347+154.12°  94.64+746™ 533.82451.07° 117.09£21.11™ ND?Y ND
C80+Y40 66.25+5.72 1,633.76+7.33" 97.9345.16 54092+12.52 121.07+13.65 ND ND
C40+Y80 61.48+15.13° 1,660.10+35.62° 100.70+23.95 557.58+20.15® 1352165.72 ND ND
Y120 62.00+8.42" 1,710.17+24.03" 88.01£12.27 569.10+7.56° 1253121.14 ND ND
USee the legend of Table 1.
MeantSD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test. a>b.
INS, not significant.
“ND, not detected.
Table 5. The contents of free amino acid in Tenebrio molitor L. ingested yuzu supplemented feed
(mg%)
Sample” CI120 C80+Y40 C40+Y80 Y120
Valine 207.67+34.01" 245.83+2.46 209.43+38.52 208.62+53.78
Leucine 06.84+27.72% 133.212491° 120.16+35.51® 79.02+16.94°
Isoleucine 102.22:+45.38" 117.62+48.59 112.05+44.28 113.26+45.98
Lysine 185.6429.45™ 170.28+39.77 197.81+25.89 156.70+10.56
Essential amino acids
sential amino acl
Histidine 233.27+28.90" 195.02+39.26® 195.18+64.12® 171.66%36.00°
Methionine 44.88+3.67 42.64+14.15 48.59+33.00 38.53+17.87
Threonine 44.21455.19" 92.88+11.27 43.58+40.47 83.68+13.54
Phenylalanine 52.8849.73" 80.82425.75" 72.58+19.71° 37.31220.76°
Proline 477.48+76.06™ 515.95+39.87 475.00£22.40 470.08+92.81
Alanine 292.59+83.52™ 350.22+44.43 333.85+11.22 331.73+66.76
Tyrosine 182.72+18.43% 246.42460.43 236.08+72.60 229.50454.17
Arginine 380.41+49.46™ 351331131 337.05+61.94 335.15+47.42
Non-essential amino  Clutamic acid 134.80+39.79" 106.42+68.28 127.72+97.09 14421432.49
acids Glycine 80.25+15.24™ 84.04+15.20 81.55+15.09 65.29+5.25
Serine 2271332 34.05+7.84 30.952.43 29.93+6.82
Aspartic acid 18.1421332 18.81+4.83 12.81£3.29 18.44£11.74
Asparagine 91.89+72.96™ 57.97+46.72 68.94+38.90 154.12+186.51
Cystine 16.64+4.77™ 2397+16.90 24.83+4.38 14.93+3.71
EAAY 967.61 1,078.30 999.38 888.78
TAA 2,784.8 2,947.48 2,768.16 2,802.16

USee the legend of Table 1.

NS, not significant.

'Mean+SD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test. a>b>c.
YEAA: essential amino acids; TAA: total amino acids.
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o

e ZAaAA o] =8 frejon st ® FRIEgle
H, A2 F felobneql e 2,664.8-2,867.48
mg%e] s B AlsE ARl Alo|= HolA|
gFokeh. P4 opu| it ghae 888.78-1,078.30 mg% WS
2 Z ool st ghake] 33-37% 2 AHA| s oy Alg
T Fo] A9l Aol= gldtt. grohn] it Foll A valine,
lysine, histidine©] Z}2} 207.67-245.83 mg%, 156.70-197.87
mg%, 171.66-233.27 mg% = tHE F¢ ofu| Al gk
vl =& e Btk Adsdrled 2339974
oA Hugt dF Az AT Felotn| it 24E
HTH(5) proline¥} arginine©] T80l =to 2 ST
a1 ko, oAt ghiko] 0.9%2ka Baste] 2
AT} FAR e YERITE ol it FollAl =
proline, alanine, tyrosine, arginine®] ZtZ} 470.08-515.95
mg%, 292.59-350.22 mg%, 182.72-246.42 mg%, 335.15-
38041 mg%= thE H|EF opn| At k] HlE] w2
TS AT Yoo 5(7)9 Aol WE2W T4 1z
AR gl o] vl gobn] At F glutamic acid7} 71 B
Ftha Hastglov A sd7led 25 A T4
A Baghs) €% 123 2aAA A= H TS
Hof JRAG dx 2o what i A7t Qe Fe R
A2} gakel] 9 g-S v serine?} alanines FAHS
%8+ C80+Y40, C40+Y80, Y120 37H¢] Al &7} C120
AlETo] Hlal] it B2 RS BHola, &utd] d3dE
"X & histidine™} arginine-= C80+Y40, C40+Y80, Y120
370e] AlZF7F C120 Al E7ol H]&l Aashs AdS B
A QF serine, alanine, arginine< -2 491 2}o]&= Ho|x| &
ottt A Az ZAAA e ol ARS TR o
sta glo] 2 Tl FFYLS FIT & AUk

2}
g AR T3 fA1o] A ® AR Huya glo

A o 2% = 24 7HFE dF S 2HE
e shaH-g, Az A 2Hgo] Ak
3L HaEo] Ath30). whEbA fAF 7 AR BA] 2o
ZAAA o] YdZld} sl ~vleld 23 o 75 Zelsh]
el FF EA = AT ZAAA 9 A AR 4
o] el W& Ui, s|avled o 4 A¥}= Table
63} Atk U7l Ais 24 A fAE AR B2
C120 AEFdA= HEHA L%eH, C80+Y40,
C40+Y80, Y120 3702] Al &+= 242t 020 mg%, 0.79 mg%,
177 mg% 22 FAb AF ol wet frejA o R Srkshe
Ao 2 YEPdThp<0.05). 312~92d S T4 23
ek FAHE AFSHA] B2 C120 A B9} C80+Y40 A &

19 1=
)
D)

o

o
o

T2 ZAA-FEE A A26H ATE (2019)

Tol e HEEA ZEUAIT C40+Y80, Y120 Al &l A
= 27} 067 mg%, 1.63 mg%h o2 Ao m Frleh=
AL 2 UESITHp<0.05). 4A dgd=ol tzxld) o)
TEld A2 vt 7158 S 2te 24 gEA ok
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Table 6. The contents of naringin and hesperidin in Tenebrio
moljtor L. ingested yuzu supplemented feed

(mg%)
Sample” Naringin Hesperidin
CI120 ND? ND
C80+Y40 0.20+0.34" ND
C40+Y80 0.7920.10° 0.6720.11°
Y120 1.7740.74 1.630.63"

"See the legend of Table 1.

IND, not detected.

IMean+SD with different superscripts within the same column are significantly
different (p<0.05) by Duncan’s multiple range test. a>b.

Z EgdEs ¥ & E2lEL0|=

Z29| s g E(Zg R o= 3E Ehe 25
o de] Fxuo] gl 22AL AHEe] bR ROSe o] gt
A E o)y DNA 59 45 IJAls7] 913 o] v#A

= At dEA A6, A J7F AR BEA
2o] AMAA R e F Zede dFY F ZeE o=
ek B4 Avs Table 73 2o} & ZE)us g5 4t
2 HFHA Ze C120 A ET7F 9026 mgh = e kS
By f25 7 Bol A3 Y120 AlE+7F 12311
mg%E 7H =& heks B AT C80+Y40 A B2 7
= C120 Al 579 & B} 9 e THp<0.05). &
FetE ol = e fAE AASHA] & C120 Al =2T
7} 229 mg%$) 3L, C80+Y40, C40+Y80, Y120 37]¢] A &
= 247} 2.82 mg%, 3.89 mg%, 12| 5.69 mgh= At
A=l e} F FefEico| = ghge] oA o m Frtst

)

Table 7. Total polyphenols and flavonoids content of Tencbrio
molitor L. ingested yuzu supplemented feed

(g %)
Sample” Total polyphenols Total flavonoids
CI120 90.26+20.60" 229+1.19°
C80+Y40 73.00£15.27° 2.82£1.75%
C40+Y80 117.10£10.00" 3.8942.63°
Y120 123113157 5.692.31°

USee the legend of Table 1.

IMeantSD with different superscripts within the same column are significantly
different (p<0.05) by Duncan’s multiple range test. a>b>c.
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