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(1. AR LR BEAR = S TR T AR MY A% 7= W on L
FRAw], Z8M 225300;

O IO #UAA S (combined mid-infrared and hot air, CMIHA) F-4 T 2 %24 A4 RUR 16 5%

=Ny
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3. WHRFEHMEL B RERAT, JRE 0240000

i,

R LT R S -0 i 2H G Az T B, R KGRI OS] [ 46 1R, 20 AT T TR e | R B o A S i 4
BRI 25 6 T 1k B Ak 30 A 2 - BT 5%, A4k 7 CMIHA FE T 853k, 5404t (mid-infrared, MDD 4.
A Chot air, HA) THRIATELES, 00 T =BT R FEN . FeRE, SRR, 45 7R
CMIHA THAE T HImRAE T E 0 TR 70°C. RS FES 8 om. E4THRE 0.48 Wicm?, THEFE 130 min, #E
fiE 0.95 (KW-h)/kg. BEAEAL T EMTEFER . FERES MI TF5AH L 23 A T 30%F1 10%, 5 HA A LL 2> BIBRAR T
60%H1 78%, FEINF. FEAEMY BERIT (p<<0.05); 5 MI. HA T4AHEL, CMIHA T4 TG M. gk
B, AR Y LR R B (p<<0.05); LI o*MEREME b*5 MI THREEFEZER (p>
0.05), HEFHET (p<0.05) HA TE; WTENERTREWRIK, Fiys), GRFEEHANZEE, B

SZERFEET (p<0.05) MITHEAM HA T SAEGHRNTHRMEL, LR & THRAE R

FI AT

RTINS, BT TR T3 8 T ik S Ak i «
KR TR, i, SRR, P, AR, Hatxa
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K, B REEAREY, PR o 23 B TR 438
7 i it T ) ) ESF B 8 DR P 4 T st T, {ER K
OIAER TR AT T WK 8, 25 7=
R TR e IO, R AR
ART oA e 04,
LTINS T 0T WCRVR 2 T () s, D%
JEECh 0.76~1000 pm, FRA B KATLLAb 53 b i i
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FrPERTIERI], SOARENS KN A B L0 TR S )
RIZER KIR, NITTHER T tael®, 2o gt
RIVIZLAN G & TR, KIAL & T 1A
UATE i SR N RETP e RO YD AW ST
AL T8 )7 1T » Hebbar 2t 8 R+ G AT
THLAMGERA G TRIOPTIE, R E T
POATRFEREIR D 63%,  LL 21 4h T 1 FE e Ik /D
37%:; VEF PR KRR sh 405 5 R R AL A T
KL, AL TR e S BRI I S A AR 2 0
FA AR R I ) A R AR A S R A B 4
s SRR (A HATAI LIS O 53
ARTEAWT IR ARG A, AU A
CLAMRRAEMRSOG I, AR 21 AP UL B R R e 4
ey B NS S P AW NP W K K2 R 29 I e o N
FU CMIHA THETTIEA A A T TR FEIT . FERE ST
P i SRS, DUIEIE H TR T2, IR
TR TR RS A

1 HRLOM-HRESTIRNEE. TER
BRI AES

1.1 &H4FS

HUR A2 B0 R I R - O A
PEAL T R A HERML HERE . HERE-
YIRS, AN InIE . SR BRI, AR K
WAL, WE LR TR A
6 MRLAMINIAE, KPHES TR R L, A
TR #5 AH N R T 2 s P oI, i ThR ]
DN E A IR R A BB T BUE Xl AR W AR =
VRN B fR, o] LA B s P I Z04h S s )
A5, YR RA 3 AN R (8. 124 16cm)
A DUARE A Rk I T ZE AT I

LRI 20 HEANL 30 HEREE 4 HEXGE 5 Wik 6. 4D
SMINHE 7. BOAE 8 EXANL 9. AR

1. Temperature control panel 2. Exhauster blower 3. Exhauster pipe
4. Exhauster scoop 5. Material tray 6. IR heat source 7. Air scoop
8. Blower 9. Temperature sensor

Bl Jasb-AREeT RGN TER
Fig.1 Structure diagram of combined mid-infrared and hot air
dryer

1.2 THEREBEIEARYTS
1%L A oK HH 21 A0 A AR RT3 OX B8 1) % 3

BARBAT I ZEAMINFRECAR I VT Fe i
Big, YR (EURTD sl PR
AN AN, 2 5 LU AR RE ™ A SR
e, A ST P RESE I, kbR EE TR,
PR R AR R, HANRASRE AN, 7 5 S
BRER I I, SRR SRR U R A A R
MKy, FRARPIRIZ D, 78 P dhi %
AR BRI AEHT R, Rk, i
IEBPRE TR H . AERCT E S AR ARSI N E 2 A
Zo P R RO S, AT BUARG AA) sl FA e ) R
Ry LLAMINAVE RN Z R A B SR IR A7 AT
B, SEBR N, TR 2, BCHIAS R
KT, KT BRI 3k 90% . I 0 BEML 54 S AT
B IRIEFE, TP LA - TRIL TR AR A
70%~80%-.

2 LIMEST-FRESIRRITEI T2

P e 5], 3R 21 MR N - X 4L Ao
RO R, BRI A P s RE N % S A3
ikt

o
o, My g (1)

A, p NI RN R EL Pass: p NIRRT,
kg/m®; p WEJT, Pa: uy u, A x Ky J7 ) BRAA
MR, mis; ¢, AR ERHAE, kI(kgK); 2
AR FHRREL WIMK)s g g 235000 x K
y 7 1) (IR SN PR, J(mP-s).

MR L, TS R 2R AARR Ty R
i, A Prandtl 14 522 PR, w4 A -
X 21 A 4 FAE ) R v g U FE A R R T FR
TR

ou. ou o*u

U, —+u,——=v—s (5)
ox 7oy Ox
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RERIF

I
2
pc uxa—T+u or :/16_72’+% (6)
PlUox oy ox° oy

Kb, v oNEEEE, mis: v=2 g RS
Y2

B, J(m?s); T MAESHRE, K;

P - 2 e 4 R (5O R (6)
AT, Xy s wpn T g, #EALE BB I A
Fo K TR 2D AR A SR B T4
& AR YPRGHE e oL, it
Lo (3% IEATIRMY, AT RIS . H5HHE 2 R
SF R A R DN 2 AL TR AT R IR

3 MRS

3.1 MR5iRF

JERHAL: PSSR B S B B 3L
B2 fe . i NEEEE. EAE . WU R B A S R
(VRS RIS 73 (29 5 kg IRAIERY) , JE=e o), 48-26°C
WURPERSS e G, AT TR

WAl WHELEE (g o R ECh 95%
W Crhral) o AR (rprat) ST
R AR A FRA A
3.2 FERESINEE

HP AP TN P LR R Bk 7
a I CAIE I AT 5 28 2 AR BT A BB AT B A ) 1
SWTH, HiohZ 425~2225W, kLS RS
35 cmx40 cm, KA E 2kg; DHG Z#41 L HVH IR
AT W BT SRS R A, B
W 1600 W, PRHELR ) 35 cmx40 cm, ik
b 2 kg HLIHARH LT A A (45 [ BRUKER
FeiEABE AT 3 CR-400 fFHE (0L (FJe 3%
fieil (HA) A7) 3 TAXT Plus JRF (L
Stable Micro System A #]) .
3.3 WEH=E
3.3.1 HEMaE

B JEREA T A CRRR R P g h-2~0C, 2R
S HAE BRI 6 cmx2 cmx2 cm [ AISE, TE/K
EE, IS4 L3RRSy, B2 FE TR L,
FHEZ 2 kg, RJGUAT TR, BWIEEKEN
50%/c 4 (HTRARERT, Fmmmg s eal; M) %R
I, B A R Bl W ARG KRR
78%+1%.
3.3.2  RERH

ARG DL 20 - B A TR L35 A,
FR A= A LT A% B R BT I IR T A, R il i
BIJEs A LT AN K, WFFTLTAR- XU A T ARk

FEIN . FERE LT SR 52 o i T 5 15
NP RUK RS, ARBIEIEARLE Ly (3D
ERGE (Imfs) , FHHTHIEE (A | FEG A
(B) FHARSSRE (C) X248 AT TR I 50 o
FEALGE A AT T TR 50~70°CR>724%, 3 3
POV £ AR S A KR T T FRBIR ST, 0 B P
FIRI AL b, G R R KPR 2 HE WA
1, Forpdm s om i Rl 450 225 W AT & IR b 4L
ORI, WP E THRAER . FERE, KERTEY
VIJi. ey, JREATIRZES T, TS
B3y, e B 2L AP- A & TR N
T LESH bR AR 2LA-HOAA & 1% L
2 BT PT BT ZE A TR AT LU,
JFCLTHRAEIN . FERE, MR RO, (. R
R R T FRNR A E AR bR 3 M T VRS A
PR Y 5
®1 PO-AREETRIESBEEKAT

Table 1 Levels and factors of combined mid-infrared and hot

air drying technology parameters
K% Factors

terr?ggrlgt?ne Ra}diation F_%adiation

distance intensity
1 50 8 0.48
2 60 12 0.64
3 70 16 0.80

W MR RL) 2 kg, KO E R 1 mis.
Note: The meat weight is 2kg on each material tray, the wind velocity of
fixing is 1 m/s.
3.3.3 F{ARME

1) FERRIIE . T T E 5Ok A A6 5 7K
R, 1REG THARERE 20 min WE AT R, H AR R
TIKE R BO%A AT, T HREE

2) FERERIIE . REAEIFEL A

W= Pxt
m

A, wWONRERE, kIKkgs P oMINE, KW ¢ AT
I1E], hs om AWREDICR, kg.

30 Koy W oE - fE R T OB
(GB/T9695.15-2008) .

4) (EERIIE: CIE-L* a* b* (1976) P,
FHASEA 500 7 SR R 72 R R AR T RS B AR L ¥ 40
JEAE a* R A b* (K

5) WediR: ANKEWIEE, TR T
VRN A SRR, TSR AL/ R Bl A
AR OEEN A& (R S BN

R, = Vo Ve s 100%

o
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Kb, ROMIRZER, %; Vo N TR T HIAR,
em®s VO TR R T IRAR, em®s

6) B S TAXT Plus FRAAXIIE, IPHRR
VIR, S 25 kg, IRTEEE 5 mm/s, )
S K 10 mm/s, BEJJEE B 25 mm.

7) BRI E Ctexture profile analysis,
TPA) : Mg TR R 2F TV T LA 4E 10 77 1)
PIk 2 emx1 cmx1 cm [ AFE, I TA-XT Plus it
RO TN, LA “ g QAT o T
IR, B ACEEAE S PATINE 5 IR, 45 RE 5 Ik
W VME . EELE 4 AN AT dabs R L ik
FHERYE. PHWERME . W4 tE: Rk P35, MUFTEAR
2.0 mm/s, M 2.0 mmi/s, I J53E 10.0 mmis,
JE4i L 40%, BV J7 5.0 g, 3k 2 Uil s [a) b
i) 5.00 5 fil A 2K H B

8) MAN MWW &« 45 AW ¥k (GBIT
5530-1998)

Q) ST N % Ji-Hun Choi™ (7532,
TEHL 11 AN 256 1R PR DR 2R AT I S A T
VT2, FT0ArHE s (B (1=58 AR, 10=
SEATRED « KUK (1=5E AE K, 10=5C 2 FHX) -
W (1=9EHhE, 10=9F5 8O REA T 852 )%
=k, 10=5848%) o Hftir, PEu R
HATHR D, TEBR O RRE A .

10) 4 HLAGiIE R # Gangidi 25281 )y
HEIEEE N, KRHZ2 X E e RS AR
(attenuated total reflection, ATR) HE47Ill&, HX
R G R AFECT ATR B L4, a0 4b
i il Sk R OMNIC #£F, e Ya [F 4 000~
400 cm™, F3H k¥ 100 W, FHEE E 0.63 cm/s,
Iy HEE 32 m,

3.3.4 washFIRE RN BRF ER KA

LT KR RDIEG 2 cmx2 cmx6 ecm ]
PR Sc, TUE TR LLANTERAR N, AR N 20k
i Bk B P LA 2.8~3.1 pm,  FEHIR
70°C, FRAFEEE 0.8 cm, FEHTHRSE 0.48 Wiem?, T
Jp AL K2 50% A A7,

PORTE: B ERIAE 2 cmx2 cmx6 cm ST
PR S, BUE T SXTRA N, BHEE 70°C, K
1 mis, FEESHIEES 0.8 om, TR SRS /K E 50%
ZEE[A,G]O
3.3.5 B

KA SAS9.2 BRAF AT B 22 53 W AT 2253 #7
I H 2 LA B iR 20 Ah- R AL A T
LEANTER RN ) TR R AT LA, Bk
W WERRF R UL 2D 3 IRER, 4 RIRRN
CPIEAREZET

4 EREHH

4.1 HLIM-ARAE TIRAINEKTBE

AR EHKY EAN IRIISYR, A
X I P Ak 2 B [ 20 41 A TR ST i 4 T 1R
(Rl . 2 I ZEA ek I (1 2) i LA,
- 7E 3 200~3 500 cm™*(2.8~3.1 xzm) A1 1 600 cm™
(6.25 um) Fedi BB LM, Hrf 2.8~
3.1 um WG fe g, 155 0.56 AiAi, HEENER
i — 62 Ik N-H 3 [ F17K 4> O-H 2 J1 1R 4 P 35
W2 6.25 um WOKE, XF 0.2 A4, HEEN
2K C=0 FERMEdRs), R Y
Gangidi 2% P 3 1) S 2 AL A Ol i B 45 R
o B, TSNS, ARG LR
K 2.8~3.1 um B LLsh, EFE 225 W (3.1 um
KA F1 450 W (2.8 um ZEA) HIAT 45 R bl im i
SN P Ab Kl 2.8~3.1 pm.

0.6

W56 Absorbance

0 . . n . : .
4000 3500 3000 2500 2000 1500 1000 500
W% Wave number/cm!

B2 FrmsiEs
Fig.2 Infrared spectra of beef

4.2 HOIM-ANEETREEILIZSHHTE

DU S-S A 20 A 4 s o) g Dl A, 16T
PRt FSE I R S e R A DR 25 1) 1 A 1k
RN 2 fior.

FPE A AT A =2k, TRFERT . FERELMIE N
U, BIUIIIIR N R N A R (R, e — e YT
W, HCARDBRAR G B 2 A T 0 ), {2
WT RIS, aERN AT L, b™E R N A
TIPS, B wulW, =HMEEE, KW
TR OB, i3 2 B, TN
BI) Sy 6l 161.41~434.24 N, L5 N 23.4~
30.33, a*HIEHIN 10.31~19.1, b*HEH A 5.03~
9.81, KB435 Thiagarajant M (k145 P T894 736
[l 101.7~261.3 N, L*EuF 25.95~36.25. a*{H i
12.48~21.44. b*HyuilH 7.45~15.02 —%, Hf
BRI AR 2 R AN, TRk R
W kefE. BIVII. L*E. a*f. b*EEEFRERFT
M) 3 PR B RUFAT ANl JLroRER . FEREM
MR A>B>C, RISl X RERS . FERE 2N
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WAEE, AN AsBiCrs BIDI IR m A
FUA TR e o T, 4158 AyBiCys L¥H
() 5% o R - DL O ol e o L, R AN
AsBiCos a*{E MM T LGRS IE B s o S, I
AL AsB1Cy, DMEIISE MR 1 DA T 45 B A
T, BAEHGH AsBiCy HIMRZE AT AT LU E 1)
WA ZA Bro 3R 2 W1 Pr ATLUEH, 7E 0.05
BEACE L, JAT A RIZESTFER S 5 (p=0.04) ,
STHRERER bEF M % (p=0.06 Fl p=0.08) , I
SR EXHRPR A B2 (p>0.1) , KIAERI .
ATRE R R R (A B e it A INE N Ags 7
0.05 WHAKF L, C NEXFSIFRIRFE AT
(p>0.1) , (HGFERF. LHEA a*{EAHLL, C RZXY
BIDIHIREm (p=0.25) Hoh B, XHRERER] b*(H
B (p=0.27) k2, Kk, EHEITRERKEIYI N
B N ER AL E N Cro

G LA D HTf E TR L A- RO A TR T
BAERZAK A AN ABiCy, BITHRRSE 70°C.
FESEE B 8 em. HEETHRE 0.48 Wiem?. H1T AsB1Cy
KHIAEEASREG, R IR IR . %
RS, NEATAS ABCy TR TFE

If(120410.81) min. #EfiE(1.76+0.08) kW-h, “I4
THIBIVI ). LHE . a™E b*ES 4 (143.57 £
3.43)N. 28.53+1.02. 14.01+1.22. 9.83+0.79. 5
IEAZ I 9 AN Z# A G AL, AsBiCy RIZR7K
PG TR N T I TEFERT . FERE. BYD) IR
i CTEFERAL L AsBiCs WS ED , LME. b*EI
w9 AN FEACEAA I FIIE (2744, 752) ,
A a*{EIEAK T 9 4 R Z /K- 5 1122011 (15.03)

b Sbeiai L ATl AEAR A YR e B A R 4
AT G ABiCry ASCRHIZ AR M, i
PETIRFERT . FERE. BYVIJ). LHEH. o*E. bMESFR
BRAEAE PR B, A AT R R B B
2 12 2ot B TRCERI G, TR
FERES BIVIJ). L. a*H. b*ET BGERE
4 30%. 30%-. 10%. 10%. 10%. 10%. A T /i
7, TIGAEI FBI ) 73 LA NS AT kg Ay SRkt 5
gV vy RHAR: y=0.1xL*+0.1xa*+0.1xb*-0.3x
THRAENT-0.3%FERE-0.1xBYY) ), Horh y PRI BORERLT .
e 3 ATLAMSHHE SR 10 dZR5 VP4 83 i T(p<0.05) 1
R 9 HiFore B AgBiCy LA S T4 A
TLRE VPR Z ARG

F2 HLOARAETRFATIZSHERRE. RESNMAESF
Table 2 Range and variance analysis of orthogonal experiment of drying process parameters in combined mid-infrared
and hot air drying

T TV
- -y iE = - ab
58 Drying Radiation Radgtion JrD%yﬁgT Jf;/?r:g Al Lt @i b
* * *
No tem;:;?éature distance intensity time/min energy/(KW-h) Shear force/N L*value a*value b* value
fem I(W-cm®)

1 1 1 1 300+20.11 4.37+0.29 217.66+6.47 29.00+1.24 19.10+2.04 7.38+0.62

2 1 2 2 460+25.30 8.43+0.46 350.35+25.87 28.08+1.85 13.16+1.83 5.98+0.57

3 1 3 3 440+20.10 9.72+0.44 434.24+23.42 25.13+0.46 10.31+0.34 5.03£0.33

4 2 1 2 180+6.54 3.30+0.12 161.41+12.64 28.73+2.24 18.91+1.49 9.81+1.13

5 2 2 3 220+10.09 4.86+0.22 245.20£17.05 26.30+0.55 14.60+1.55 6.75+0.43

6 2 3 1 240+9.87 3.50+0.14 186.00+15.88 23.40+1.16 11.79+1.14 5.88+0.67

7 3 1 3 100+7.07 2.21+0.16 218.25+£19.80 27.22+1.07 16.25+0.77 9.28+1.01

8 3 2 1 200+8.76 2.92+0.13 235.69+12.35 28.74+1.62 15.18+1.19 8.49+0.61

9 3 3 2 160+9.79 2.93+0.18 218.15+24.5 30.33+1.89 15.93+1.47 9.07+£1.12

A B C A B C

K 400 193 247 K 7.51 3.29 3.60
) K, 213 293 267 K; 3.89 5.40 4.89
Dﬂﬁ' K3 153 273 253 FfE K3 2.69 5.38 5.60
t?r’rzgg R 247 100 20 Drying energy R 4.82 211 2.00
F1 25.98 4.63 0.16 F14 15.85 3.70 2.59
Pr>F 0.04 0.18 0.86 Pr>F 0.06 0.21 0.27
K 34.09 20.32 21.75 K 27.4 28.32 27.05
- K, 20.16 28.27 24.83 K, 26.14 27.71 29.05
thjjjj K3 22.86 28.52 30.53 LA K3 28.76 26.29 26.22
Torce R 13.93 8.20 8.78 L*value R 2.62 203 2.83
FAH 8.35 3.33 3.04 FAH 1.28 0.81 1.58
Pr>F 0.11 0.23 0.25 Pr>F 0.44 0.55 0.39
K 14.19 18.09 15.36 K 6.13 8.82 7.25
K, 15.10 14.31 16.00 K; 7.48 7.07 8.29
a*Hi K3 15.79 12.68 13.72 b*H K3 8.95 6.66 7.02
a*value R 1.60 5.41 2.28 b* value R 2.82 2.16 1.27
F1H 0.32 3.83 0.69 F1H 11.83 7.86 2.71
Pr>F 0.76 0.21 0.59 Pr>F 0.08 0.11 0.27
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Table 3 Synthesis score of drying process parameters in
Combined mid-infrared and hot air drying

THEEE A HIEE B ARRE C
e Drying Radiation Radiation  ZEBPE4r ()
No  temperature distance intensity Synthesis score
/C fcm J(W-cm™?)
1 1 1 1 0.52+0.14f
2 1 2 2 -3.68+0.1i
3 1 3 3 -5.50+0.36j
4 2 1 2 2.21+0.29b
5 2 2 3 -0.30+0.03h
6 2 3 1 -0.04+0.0001g
7 3 1 3 1.89+0.001c
8 3 2 1 0.96+0.13e
9 3 3 2 1.63+0.09d
10 3 1 1 2.65+0.19a

e R—SIAR A RERR AR F FE KRB (p<0.05) , % 10
HNRAL G I A

Note: Different letters in the same column indicate significant differences
between different factor levels (p<<0.05), number 10 is the optimized parameter.

i LTk, RIZEKVAHE AsBiCy, BT
70°C . ¥EHTEAES 8 om. &N R EE 0.48 W/em? yrhrar

Ah-IAAL A T R T 508 T ES 45
4.3 AREFEARXTEATFIRIFE LR
4.3.1 RE TG XAFF R FFRIOR 6 iR
¥ rp - A T AR S S 4L 4
TR LD/ TR AT LERER G, 45 LK 4.
FEMEBERL ST T, 2T b3 X2 & T4 P R
ZEANMBE AR FIHUAGRF R A, LN ATE
A E B AN, I AR I A AR
Ky, PR BRI, WE 4 tharLiss
LA IO A TR AR TR FTRERE 7331
SO HIRTERERS . FEREMT 40%F1 22%, A 44k
THREEN . FEAEMT 70%F1 90%. HHUXTEEAHLEL,
FRLTAR- B X A TN R 20 AT RE R L FERESS (.
FHIFK (p<<0.05) ;5 74k, HHersharte, 4
ZLAN-FXE A TR L FERE th 15 31 15 35 I BRI (p
<0.05) . Hebbar 25" 8458, %+ G RHAI 4T
SRS RRALA T, RINALA THFER . FEREDUH
PURTHRAEN . FEREMY 52%F1 37%, NP L4115
FEI . FEREN 64%F1 63%.

x4 TRFEARASHFAFTFRURA LR
Table 4 Comparison of effect with different drying methods on jerky

T30 Drying methods

hot air drying Mid-infrared drying Hot air drying
%E‘; Dryﬁé’ﬁiijmm 130£10.25¢ 190+11.23b 320x17.21a
;o
Performarie Drying eneE;ZkW'h-kg‘l) 0.95£0.04c 1.07£0.05b 4.26£0.07a
fifi ¥ Hardness/N 134.95+7.94a 124.66+18.13a 119.369.90a
#bE Springiness 0.72+0.03a 0.69+0.03ab 0.65+0.05b
5 M Gumminess 0.57+0.03a 0.52+0.04b 0.54+0.02b
NFLIE: Chewiness/N 55.08+2.65a 44.01+2.74b 42.43+3.92b
R 899) ) Shear force/N 146.22+9.41b 243.82+23.72a 255.98+20.68a
Quality W 4ii % Shrinkage rate/% 39.95+0.59h 49.94+3.29a 52.28+3.22a
4 Acid value/(mg-g™) 3.40.49 3.27+0.24a 3.89+0.4a
L¥E L*value 28.56+2.51a 25.9320.76b 22.84+0.88¢
a*l a*value 12.93+1.37a 11.71#1.15a 7.4+1.58b
b*E b*value 7.62+1.76a 6.67+0.25ab 4.95+1.14b

Ve AT bR AR P RERR 3 R TRk =R N (p<0.05) .

Note: Different letters in the same row indicate significant differences between three drying methods (»<<0.05).

TEYMEFEbR A, 3 AT kTR T
TPA 355175 Thiagarajan 2550, 252y 5y
AT TPA FeAnyulH (k. 0.71~0.86, FiZEM::
0.38~0.81, fifiJif: 74.48~136.84 N, MH I 11.87~
5755 N) Z . Hrdr, e db-#h)x & g 2
I 2F TR 2 58 1 AR R EL g A 4 9 A 0.57
55.08 N, ) i & 5T (p<<0.05) H£L A T4 0.52.
44.01 N FIHUA T4 0.54. 42.43 N; BIY) M A
146.22 N, WEAKTH LA T-J01 243.82 N FlHAX
TR 255.98 Ny #fPE{Eh 072, BEET (p<

0.05) T 0.65, (H5 LA T0 8 3% 2=
Sy AAh, SEPMEETTEEES (p>0.05)
WELOES I AT L R R R PR S B R MR,
W T PRI A T MEL IR 25 21 m] A MR S B 7 T e
FE— U P, SRR R0 I A T TR Y
(R iR TR, [ 4 WL, Shar st
TR AR L, A 20 Ah- PR & T 1 RS
FGE R AT SRR, (A R 1 R
W4 ST T S AL LRSS M () e T P E N 45 hs, B
(IR /IS BB M T AR B R L



% 23 1

NI A APPSR A T R BEFESR = it o 223

AFUBEEE o FLBSUR SR EL AR RS A HoAth 45 K 1 4
B, ORI, 7o TR B 3 4 T LA
e, S-S A AT B A4 R AR R
39.95%, BEMLT (p<<0.05) HZL4M T 49.94%
X T 52.28%, It 3 Fl4k HLI417F Thiagarajan
i BOL 3 (1 2 A T i R TR 2 Y, X R v ar
AMTSEFIHAT AR L, HR 20 Ah- RS T RS
WFNEE (p<0.05) 2F W TIIWHRIARE, X5
TR B2 AT H AR PR EE R— 3

TEEE AL TR bR 7 1, TR L0 AR-A R A T8
) a*EA bHMEEEET (p<0.05) X T4, {H
g hh T A B, LM EE AT (p<0.05)
HHZLAMTRRRI IR 4h, SRAKCTERARLE,
LT b= FR XA B TR P 20 A T84S B 2R AT
RN =R ALE (p>0.05) .

R BRI, Ak 4 g5 R LIS, Hrh e

AP AEEAT L, TR LA R & T RE 8 12 25 AR
(p<<0.05) THFENT . KERE, 582 T TR BRI 5
IR, SHURTERARLL, L& T 4
ANFIRAEE B % (p<<0.05) /I Tt EE.
4.3.2 RREFBRFHETFRF N FAE SRR

AN G2 PR 8% T F D1 R
% 5 Pn. HTHLAM-HUNA &R LA
VE RO SORE RS A R B RIFEREAT Ik, 7Ky
HI IR ARG BRI S, 7EFA ISR R P
g, It R, MR ImE T, AT
KIS, $em bW T IR . R 5Lk
B, LA FARLLS TR T Xk RN
ST FE IR E A I W T (p<<0.05) Hherst
TRERPNT s AR BEm T (p<0.05) #UX
T, PSP THREERALE (p>005) ; X5
X A PEIY . WA R A AR &

#5 AFRTFEARXTFEFATEERRALR
Table 5 Comparison of sensory quality of jerky with different drying methods

JEE VP FEPR Sensory evaluation index

T 75
Drying methods P (10) AR (10) W (10) SRR (10)
Color(10) Flavor(10) Tenderness(10) Overall acceptability(10)
R R 1t -
R e M. AL WERIK, TS50k FHLREIK . $95]
i i Bright brown, basic even Strong meat fragrance, Soft texture, even 7
Combined mld—lnfrared and ' no abnormal taste ) a
hot air drying 75a 7a
< i A S
» W, A ook TR TR HEAHA]
. l"f’gI%Tk"‘ i Brown, basic even 9 g ! Soft texture, basic even 6.5b
Mid-infrared drying no abnormal taste
Ta 6b
ek B 2 A2,
A WM, HAYA AR, TR T Lk
MJX,H—I% Black brown, basic even g ' Tough texture, local crust 4c
Hot air drying low abnormal taste
5b 3.2c

Ee WS R P RS 3 R TR ITIEZE R 2% (p<<0.05)

Note: Different letters in the same column indicate significant differences between three drying methods (»<<0.05).

5 itig
HATA AT K TR 2 R AR T #UA
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Ab-HNALE T 077, DU & 2R R T TR
PETH T BRI I AUE, SRR T A
Fali R 2D AN L, 127 AN RE S 46 TG
], PHKAERE, eM&LTrla, RN ERESEES R
T TR EA (k. EA A0, Sakai 4519,
Kathiravan 250408, 40 SMam a4 (it i S0 55 1 L
SN BE U0, i LT AN S B4 3o AN
WA, HEEBRARNER, HAEER AR
PR AP S AR /N, AN ITT RERS IR K 2 A
PGSR, 4R TH30%,; Hebbar 2R, Shar
ANTIRARLE, s 2D Ah-PUAZE A T e % 1 5 FRARE
I RTHE BE A DR A 0 R 1) 5 1)) 9 B 05 s 28 0 k) 3

7Ky, BEARPRLIER I R, 7R AN ZE RITK
SRR RAERT, WEK P Bk, Atk
AL T FE . 26 2 H, il IR A 50~
70°CI, a5 om X TRFE s AN B2, " RE 2
DR A AR50 Pt FH o 20 b - 2O AL & TR AL 21 A1 s
S 8 A Tk R AR MR AT R B R L
R AR B B AE AL AN T A FE
0.48 W/em? 3 4T Ah 2k & O 4E+E 50~70°C i
B, TR AR S 5 R T 2 T B 40 kT AR R ) R
oA, JERRREFEIR P o

J5U G R PR O O g ) 2R AR
Kathiravan 250°H 08 21 40 #ivi AR g g i 4Rl 2
FOP BRI I, AL AL 50T [ —20 Yk 4k
SZIA), RIMEACII SRR, Wi EEL A &
U ORISR . Ozdemir 28U 1 el 48 T i At
Kot AR o R A — BE AR R M AR SN, SRy A
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e, TrREE O LMD RE AR, 7R A
REREH, PR R e AN, AT AN S
s, AR 4 LA AR AL A TR AT AL
ST HRAT B A TR A 5 AT IR 5
ot (HE IR RS R, 230K
A TR AT DRI TR0 R, el 1 AR S A
IO FF SR I ], AT 38 S T 5 17 488 e 2 F) 3o B %
A, AR T R PR, SRREUR, Kl
Rk, 7 it ol ST A R RT3 B DL T,
HI 4 AT, SRCTERATEL,  F20dh-Hx
G TIRARGS Bk Ah T TR B R 20 4h
INFABIEAN, R H SR B, RO, B
A&, 5 B Re A F B AR HEAL A o

6 & it

=

AR PR R LA RO TS A
ANFRERI BT AR L, fE R BT RRE I . FE
RERICG RS2 T 0AE o SR a0 ATt L,
FEIF . FEAEZ WIFRAK T 30%F1 10%, 7k 58 1t FIH g
PESF IR0 T 0.05 A1 11.07 N, 374y Fie 4 %243
DT 97.61 N fi1 9.99% (p<<0.05) ; HHUAT
FRAHLG, TERFERT . FERE 3 MIFRAIK T 60%F1 78%,
R SR FNNEL I 43 3 0 T 0.03 A1 12.65 N, By
IR 45 H9/> T 109.76 N Al 12.33%. 4%,
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WIS RES W5 O T . 28 LTk, e
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Combined mid-infrared and hot air drying reduces
energy-consumption and improves quality of jerky

Xie Xiaolei®, Li Xia®, Zhang Chunhui**, Jia Wei', Li Yin®, Sun Hongmei*, Wang Zhaojin?, Mu Guofeng?
(1. Institute of Agro-Products Processing Science and Technology, Chinese Academy of Agricultural Sciences/Comprehensive Key

Laboratory of Agro-Products Processing, Ministry of Agriculture, Beijing 100193, China; 2. Tai Zhou Sheng Tai-ke Infrared
Technology Co. , Ltd, Taizhou 225300, China; 3. Inner Mongolia Meng Du Sheep Food Co., Ltd, Chifeng 024000, China)

Abstract: Drying was the key procedure of jerky processing, different drying methods had different economic
benefits and impacts on the quality of jerky. For traditional hot air (HA) drying method has some defects in
thermal efficiency, new drying method that combined mid-infrared and hot air (CMIHA) drying was investigated
in this paper. CMIHA drying machine was heated directly by mid-infrared without media and convective mode,
which significantly increased the rate of energy conversion and energy utilization. The thermal efficiency of
CMIHA machine was 70%-80%, and the temperature drift range could be controlled under +1°C. The structure
composition, operational principle and technical characteristics of CMIHA drying machine were introduced in this
study. Taking fresh beef as test material, the parameters of CMIHA drying process of jerky was optimized with
range analysis, variance analysis and synthesis score analysis.

Based on the heat transfer equation of combined radiation and convection, the orthogonal experiments of three
factors including drying temperature (50, 60, 70°C), radiation distance (8, 12, 16 cm) and radiation intensity (0.48,
0.64, 0.80 W/cm?) were carried out with the fixed wind velocity (1 m/s) and jerky size. The indices including
drying performance and benefit, shear force and color of jerky were measured. According to the range analysis,
radiation distance B; (8 cm) was preliminarily considered as the optimum dryer parameter, but drying temperature
(A) and radiation intensity (C) could not be determined. According to the variance analysis, A had significant
difference (p<0.1) in drying time, drying energy and b* value and C had no significant difference (p > 0.1) in all
indices, but compared with drying time, Z*value and a*value, C had more important impacts on shear force,
drying energy and b*value. So as for the low shear force and drying energy-consuming, AsC; (70°C, 0.48 W/cm?)
was preliminarily considered as the optimum drying parameter. Comprehensive analysis of the drying
performance and benefit, quality of jerky, the appropriate drying parameter of CMIHA drying machine was
A3B1C;. Through synthesis score analysis, A3;B;C; had the highest score among the ten drying parameters. Then
the best CMIHA drying process was compared with mid-infrared (MI) drying (drying temperature 70°C, radiation
distance 8 cm, radiation intensity 0.48 W/cm?) and HA drying (drying temperature 70°C, heat distance 8 cm, wind
velocity 1 m/s), the indices including drying performance and benefit, shear force, texture profiles analysis (TPA),
shrinkage rate, acid value and color were measured. The results showed that compared with Ml drying and HA
drying, CMIHA drying significantly reduced (p<0.05) the drying time and energy, its time-consuming and
energy-consuming were only 70% and 90% of that with Ml drying, 40% and 22% of that with HA drying. Besides,
compared with HA drying, CMIHA drying could significantly increase (p<0.05) springiness, gumminess,
chewiness, L* value, a* value, b* value and decrease (p<0.05) shear force and shrinkage rate. Compared with Ml
drying, CMIHA drying could significantly increase (»<0.05) gumminess, chewiness, L* value and decrease shear
force and shrinkage rate, but there were no significant (p > 0.05) differences in springiness, a* value and »* value.

Based on the sensory quality, jerky with CMIHA drying could be easier accepted than that dried by Ml drying and
HA drying. So, compared with the traditional hot air drying, CMIHA drying could significantly increase economic
benefit and quality of jerky. This study can provide a reference for the new drying method of jerky.

Key words: drying, optimization, quality control, mid-infrared, hot air, performance and benefit
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