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Value of triticale flour as feed for the red flour beetle Tribolium castaneum (Herbst)

(Coleoptera: Tenebrionidae)
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Abstract: Recently, triticale flour has come to be used in the human diet rather than solely as animal feed, in foods such as bread, pasta,
and cookies. However, the value of triticale flour in the diet of stored grain insects has not yet been fully determined. Therefore, the
growth of the red flour beetle Tribolium castaneum was investigated to evaluate the dietary value of triticale flour compared with wheat
flour and rye flour. The results of this investigation showed that among beetles feeding on the examined flours, the triticale flour group
developed a higher total number of T. castaneum larvae and pupae compared to beetles feeding on the other flours, indicating that
triticale flour is a suitable feed for this insect. Future research is needed to establish appropriate measures to protect triticale flour from

such grain insects.
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a7 XA NE N Tribolium castaneum (Herbst) 1%,
BHITI LV VRHIET A EELBMERD—DL &
i, A L (5, 1971), & 2omLian%
f£ES L (W4, 1957; Via, 1991; #4155, 2, 1993; Wong
and Lee, 2011). fNZ T, AFEIE, S8 TH CRGHRE 2
ERFEERETEI L0, BYREA, BEOAH 50T
NEDFELRELIE IO HEEBIIZL TV
(Bekon and Fleurat-Lessard, 1992). Z®7-&, REDFEH
WZBA L T/RER 72 o5y & o L & filkt e L 7-1fge
X £ . (Hamed and Khattak, 1985; Shafique et al., 2006;
Fabres et al., 2014). T A I A ¥ X Triticosecale Wittmack |3,
18764F, A2 v M T ¥ FOAS. WilsonlZ Lo T, T AF

Triticum sp. & 7 A & ¥ Secale sp. £\ 2 ) JED 7% % 2T DO
WE#H T EbETES N BMMAETH 225 (Dodge,
1989), TNFEFTEMICH TV FHEINT, Ko hELE
AL =URHN ) EFEOMERE LT, HEVIETA2
LAFXOTHEEZOF FREFE L L THKITHRG SN TS
72 (RES. 1996). TD120h, T A NERERN & M
ELTarz XA MERFIHRG LG, MREELE L
X L 72 Vohra et al. (1978), 9P %% 4% L 72 White and
Loschiavo (1988), B JN %% %° % iy % M #X L 7= Naseri et
al. (2017) % EOWIZENH L ODZFNIFEL kv
FGATALAFOFTEELHICLTNY, A, Zv¥x—, #
HZEIMTLCOERAMBNEZ TE7-2 825 (Leon
etal, 1996; {115, 1997; F=HF 5, 1998; Oliete et al., 2010),
ERET A N 2T LI ana s X A ME FXOFEF
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FHEEFABTTAHEISRINENE Z L DLW E — VEHET
YA ZRDFEMOG I X o TLI0, ERET A /N D
a7 XA MNERNFOME LTINS %S 2% H
e L CHEEREITo 7.

MRELVTE

R

I/ XAMENFE JNOGTRELMEEZ S LI
(Br) 7 VBREET — © ABHEE TRbah 2 L LTk
REE L T2 MRS, BAEZI A U 7200 2 ek
S CHEE L7z S E—HIZIME LBk 2 el L7z,

et

TAMNER & T A ZIE, BRI RSEE Y TR L
SR & L722017FERED S D %, /N (H A
R EAt) L abvhIty (RS 3o =7 i) (&
i & Fv 7z

B ER

BEE45 mm, & 28 mmD 7T AF v 7 BEICH N
Ly, EhUNER, 740K, JAEBEhEThE10g
(HAEX) LZN2ZhoFksgt T+ 2K (THe s
V— T (BR) 05 g% ANZIX (4 ARFMX)
ZLTCZEF AKROADOEFIREZHEL, —&Aadbzh
WERER SRR GBI 2R L, B v —fF S ER
b= —% ANTEZENTEE L. FEENDOIEE20
~25CO#PAT, BEIXHEL o7 FEBIZ1IAN»S
2HAT- 72 E72, 10 H 2 ICH#AEImE, 2he
NOFEE AN PIZEECR LEE L, 30 HRICER
Tk Z B8 L7:. B, TEFAKIE a7XANE
F & % BAEE 3 5 BN E RN RIS L b
V- VB TH B (FEFF. 1989). FEBHE R OFLERIL. X
HiE, A&E3 mmAim % A, 3~6 mm % H i, 6 mm bl
R R, B X O R O AR R U 30 H #2102
Bz itsk L7z, EBUII0KET 72 BN D
E D, #5E R O BARE % Steel-Dwass 122 (KB K5

M BEOCRE - 3¢ R -~ AR 39

MEPHAS) 12X 2L EILEETHREL, kX > THRE
IZIEWDSH LR L7z,

o] R

FEEEFMGEIOHBZOT R TOAT =V HbE 2 FEk
I TR, T4 ZREFIMX O TIE T A /N XA
2058k & —TFE 570> 7278, T YA ZARBIX CTld 4kt
INERY X AY359 2K C—FK L 4> 72 (1), Steel-Dwass
B L 2L EIBIREORKR, U+ AKEMZ 725 EHX
T, ER/NERXPMO 3B IR THEIZE L
FSAERMKEPMOIBHB K IR THEEI A Lo 7
(p<0.05). —75, HERMO4X T, HEH/NEHKXT, 4
H2%6 mm Pl B F THE LRI % <, ho3z5BhIXIC
HRTHEILA ho72 (p<0.05). S 512, FEMHICH
M3 22 &I & o TRIEFERZ NS/ ed A%,
HARTIEIaZ XA MERIDPEE LA -7 WULEICE
BLAMEEIZZEF AREZRIML 724K TH o720
L 2B o ARG, T ARK E T A4 EHK
T o 7278, MOFEHX Tla75 B L EEh -7z (&
1).

BRI L, FIZE LS, — e AKX T
I U F ARERMXIZERTE o7z, 8T ARBINO
TANERXTIE, TEFARBIMOBEI I NZHX L) b HF
B Lh ol T8 AKRRINO RN IK L 3H
BEPARONL o7 (p>005). TEFAREZHRIML %
Mo e ERUNER, T4 FN, TA/NERIXETIE,
BHNECR RN ODOFEZIIBD SN o7z
(p>0.05) (3k2).
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IUF ZAEERMXTD > & ENIFEE 2R L 72fEX
X T A NERIXTH o 7225, fH B30 O 0I5
BRI T ARERIML 72T A Z0IX, #INERX s
LT ANERKINCEELRE I oz, Tt ARER
XD T A /INFRF K AMD 350 O T ¥ 4 2RI I
NCEEREEED % <, ok 6 mm Lo R E B

®1 BEMARICHET 2 REREFRCREARBOEFE (FHLRERE)

%) o e " " B B
FIFHX omm B 3—omm(TH)  emm— (EW) . o RIEREC e ()
FIAEH+ET 49.1 = 29.9b 158.8 * 39.4a 46.6 * 20.8¢ 133 = 15.9a 0 267.8 = 41.5b 78.0 * 10.3b
T A/NER+E 21.5 + 14.5b 152.8 + 49.2a 91.0 + 27.5b 35.9 * 22.4a 0.1 301.3 = 50.9ab 96.0 = 7a
ERNER+ E 67.2 = 28.1ab  190.4 = 38.9a 91.3 = 57.3bc 10.3 * 9.1a 0 359.2 + 55.4a 95.0 * 9.7ab
MW NER+E 232 + 12.8b 86.1 * 30.0b 188.6 * 37.1a 23.1 + 10.3a 0 321.0 * 44.9ab 92.0 * 10.3a
ILEFAK 22 * 2.6¢ 0 0 0 0 22 * 2.6f 33.0 + 20.2¢
T4 EHRy 78.6 * 21.1ab 60.3 = 29.5b 29 *53d 0 0 141.8 = 40.9d 44.0 = 21.7b
T A NN 96.2 * 31.3ab 93.4 * 21.9ab 16.2 = 22.5¢d 0 0 205.8 + 19bc 80.0 * 23.1ab
RN 113.4 * 26.1a 55.8 * 18.9b 2.6 +22d 0 0 171.8 * 38.7cd 98.0 * 4.2a
W INER 412 * 22.1ab 11.8 + 10.1c 0 0 0 53.0 + 28.1e 89.0 + 8.8ab
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W b & L 72 3 & (Vohra et al., 1978; Naseri et al., 2017;
Plasnar-Bielak et al., 2017; White and Loschiavo, 1988; Vohra
etal, 1978) & —3% ¥ 2. TEFARORINIAEDEE
WZBEZE LR H Y, TRTOFBHXTRINC L > THEE
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R RTINS & 0 PR E e e sl 2. —
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BLAABXIEIZEF ARERIML BB IZTTH -
7. Z®Z kX, Fraenkel and Blewett (1943) #%, /¥ b
TR EBMOE Y I Vs RS NTERTIE, v T
¥ a7 XA NEFF Tribolium confusum DE DS, ETD
Yy 3 VU E OB AR N R TRIE S B &
L7z e BT T 5.
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Y, TEFTARRKEITAEZHEBRSETORKRKXT
5% U LEEBERTH -7 Loz s, EHET AN E
Wix, 37 XAPERFICE - TER/NERE & B I2IE
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