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1.1 SEHILERK

FET i /N A PR, DUSURL R RE /NI 100~
140 kg Ab3 0 SEht, BFIEL P e b &
PRI A 20 mx2.5 mx1.5 m CKexGEx ), AFhdbk
Bty IARBURHUERA EIBE 3 ANHRoc. Hith, ENEAE I
MBERER 2 m, FRUNAMBAKEE N 16 m (2 mx8 Bo;
B BRI AN INIAT . PRI RS (R
FEORIARHL HERML HERURGESE ) ] i S S R4
ARG GEEEFE] Fodar s . Ko BT Jg s w5
RE%) SR, WHE 1.
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b. Material object
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1. Dryer leg 2. Conveyor 3. Exhauster blower 4. Circulating fan 5. Infrared
heat source 6. Exhaust duct 7. Cooling fan 8. Exhauster cooling fan
9. Cooling zone 10. Heating zone (A-H) 11. Adjustable leg 12. Exhaust
outlet 13. Feed zone

A1 &8 Fast-ARneTRLETER
Fig.1 Structure diagram of continuous combined mid-infrared
and hot air dryer
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FINAERE, PUdiT® 2R MmEk, R RENGE, N
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DL IR ARt 1), 1 i 4 el 28 B /K 0 5 1
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2.1.1 ek Key @ikt

BT 2 AN T EC RS R B, 23 Gangidi 2512, i
INTE SR I T 3 L LA 4 Bl T B ORI REA T
ZEAMETEFH, S5 2 Fn. HIE 2a iTCAA I, AE
W AP XS AR A PR 20 A B KB S4I7E 3 200~
3500 cm™ (ZLANERK N 2.8~3.1 um), K, FEH|H
) (1) T3 B AN [R] PR TR AIE RS0 P 3 M e, AR S
] B vt 2.8 gam A1 3.1 g PWASTILLAMIMAKT S (14 20D,
KA AR S B AR N I ZLAMB K 2.8~3.1 . ARAE 4
SRR e A, 2.8 pm T 3.1 gom KT 5 (1 2 I 23501 -
2897.8  2897.8

T, ~1035K (D
ﬂ’maxl
T, - 2;97.8 _ 2897.8 ~035K )
‘max 2

K Ty Tl 2.8ums 3.1 um AT RIEE, Ks Amas
A WA A, pme ARABATER IR AL, 2 sk
LANT R, 2.8 pm. 3.1 um KT IS E N 220 V,
25kW 1220V, 1.8kW.
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B2 REAERGLLI LR B LI i
Fig.2 Infrared spectrogram of different kinds of meat and
infrared heat source
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2.1.2 %BHRE

LLANE 1) BEAT B A REAE IR N kL2 30385, 12
TR, RIS RERE R S AHM. hTHE
T b W 2T ARG RE ORI R 22, I 7 5 2 1A) £ R 4L
B3 SRR (Al D AN S e b, MR R 2% DUk 2
AU, s, BB dS, B b R SRRk -

dQ,, = Ids, cose,do, (3
b, P B DR O S DR E A, R E=Im, )
dg,, =£ds1 cos,dw, D
T
1o, -850 g,
E cosa, cosa,
dQl,Z = 2 dSldSZ (5 )
r
PHIARI1G -
cos ¢, cosa.
Q1,2 :Eljj — > 2 dsldsz (6)
55 r

LR RV (OO F

A, :%:SLISIJZCOSOZ:ZOS% ds,ds, N
Al HEA -
ﬁz’lzsizig{cosoirczosaz ds, ds, 2)
)
B,S = B,,S, 9

XA, Qo A B 1 X AR 2 FIEREHGR, Wim?s T 5E
) AR R, WAm>Sr): Siv 8> 20 A B4R 1L 2 (AR,
m2: a1~ azﬁ%ﬂﬁlﬁjﬁgﬁféfg/fgf ni~ Ny E’J%ﬁﬂr (°);
) NEBAK 1 BRTESIAK A, St Ey AR 1 5RSES ),
W/m*Sr); » NP BARIAIEE S, m; Bios for 20N E
1 KA 2 J BEAAR 2 K ERAAR 1 BRI A R AL %o

TE: Siv S AN EAR 1L 2 (TR, m®s 7 I PTEAREERS, mi e @
53 A P BARTRER VLR ey mo (RSSO

Note: Si, S, indicate areas of the black body 1 and 2, respectively. r indicates
distance between the two black bodies. a;, a, indicate included angles between
black bodies and normals.

B3 mABARRE I 6 e A A

Fig.3 Radiation heat transfer between surface of two black body

FEPL AR NP VP S GA TR SR 1B 0 5 G P S EN D PN
Sy A Sy, PRAFA IR JLATARAL, B 2 AN AR A
KANAAZ, IS 2510 R EL Bra A oy IRFFANAE - TH UL,
[l —Hms AN, ZAMTE TARM B S, TG 2
JESAA A F10 i B UK o SRR (13 1408 & B PR A0 o L RE %

LT ANT B B KR, I s (04 S 5 8 i 4 5
O LLAMINFAT B AR A ER O, 38 S RETR 2
HAr, AE7= LTRSS 40~80°C, [
WA T 78 FIURIT & RS 6E, ST ariamraT, s
R AR 2225 9 MU (4 4R 2.8 pm+5 4R 3.1um),
PR B AEBE e, [N T3 s KA s bk,
AR AT 5 28 CHER, A i BB P o R o
R

_4xB+5xP,  4x25kW +5x1.8 kW
LB - 2mx2m

R =4.75 kW/m’

(10)
A R ONZLAMES I, kW/m?s Py, Py 53K 2.8 gm.
3.1 pm W KALAMT I, kW; L RS 3By
AT, ms B ONHIET A 5%, m.

WAL R R, nr DU LD AMT R AR SR
SRz s R P (PO S o, G S B TR 2
2.1.3 %HIER

LT AN AT A L5 Rk ] f 28 0 T S M RL
AR R A TR O T O R R A B, %
LTI T T U S SRR S A S LT A AT
RO eI (E RN 0 N XA o - A7, e S ERA )
TR BE SO, R SCR, HILR R s
B, S5 2 B TR AR K d b T DA SR IR, #f e
IR 5 2 AN BT A5 P AT A A S A B Ok 8~ 16 em,
2.1.4 ImBEhFE

TN B S5 KNGS FE TRy -

W =EF =475kW/m’>x4m>x8=152 kW (11)
LA WA TEREMANEFEIIE, kW; E 550,
kW/m?s F IR, m?.
2.2 AXIRIEIRRG

PR AR BT 5 B0 B K T (1 m/s) SRIEFE XML

TR B 52 RV I S B Kb (P R AR T AR <
S =m? =3.14x0.15% = 0.07 m’ (12)

S5 R R PR AR AR I A

L. =V S=1x0.07x3600=2520m’/h (13)
AL H -

P, =1L, pn=252x3000x0.85/(1000x3600) -

=0.18 kW
K Py W BEENIAB A ABLIIR, kW; S ATk
PR 36 U B AR PO RS AR TN, m?s ) TR A
&V AL IR My Linax A K KU AT
m/h; Vi MR KRIE, m/ss p I RBLA LR
WEIEZ, Pa; n WRBLECK.

BB FR AN RE, RIS AR A R S XL
TN K 0.3 kW, I HITHEMNERERIIEHH IR
ATl .

2.3 HIXR%

PR L R T A (06Cr19Ni10) 4 Ja 22 M 1|
P, HonT DR RE i RS SIME, Bkl bivg . )
R Jis A% P 14D 45 5 I i) 2 S o5 A8 B 30 i 110 T 8 Ok 4%



6

WA JESE P 2 AR PR TR B R 1 285

Hile HE RGO 4 Pros, I s
TS AN AL RS R AR AR R R A
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1. Conveyor 2.Pulley 3.Roller 4. Gravity sensor 5. Temperature sensor
B4 HERAGMGUE
Fig.4 Planform of conveyer system
2.4 RUARE
Vo KR G VL RE A DR A A T T4 I AR
fEFIREEIN T MRAE AR PTH K B (3 m/s) Kik
P HIRML:
TR M A 7 K AL XU B T AL PR R A T AR -
S, =mr,’ =3.14x0.2> =0.13 m’ (15

KV ARG PR AR i -

Ly =V Ss =3x0.13x3600 = 1404 m*/h (16
XML AN «
P, = L p7] = 14043000 0.8/ (1000x3600)
= 0.94 kW

s Py A HI LI ZE, kW S; o TR AR 5 A A
RBLE R LR BRI R, m®s TRk S
P HI R RE BOEBAL AR, my Ly pax KRRV KR
ARG, mO/hs Vi 0T 5 B RV 3 XU,
m/s; p MBI FVRIE TR 22, Pas g i BLSCE

F GBI bR AN T RE, VA Ve E KL D 3y
1.2 kW, VL2 N LR RO AT R w3
2.5 ZEHIRFEHEIT

At KA STR-I PG A gt 2], %2 80%
Senl U, AR A T gm R R SR AL,
S 5 Frose M hE R ANHUHRAE S, 3 ey e
BLHEBOE S IAB AL RS . ik A, Rl ie
A SR ks - PR AR B T 2 B VE B AR T K
B TR A, SCHLA T K TR A S R . 1% 4%
RS CRAIFZAERIA . 2013SR155184) 2 hLT-I%
PR AR S . B AL I s S 4 B3 )R i s R
24, 1T Microsoft visual CHRAHE AT ke, IHAER)
AR 2S (programmable logic controller, PLC) 5E
BABR TG H& 5 ATRUE TP/ HOH & Tk
wEHRG RS E R I, R st is

IPIESE, INAABE (A-HD RN IR, DARIE TR
B ARAOR TR S AR BTN T . B oG, L
ol 6l PR B R LK, BB
A PN 3 5 s ot Sl PEOR P TR R AR T s de )i
L e S ol T PR R R R AR T 2 A BL
PURLS KA T B T PN I, g T A R A s
AT, M TR R S KR, S
PRSI AR . TR AR S Ml ) AR AR
YRR AT IR A R 1
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Fig.5 Control system of combined mid-infrared and hot air dryer
3 EEeIE
3.1 EEMHESRA

A LI AR AT A RS (4 ) BRUKER Dt X ds 28
A ); CR-400 {E 2 5 2240 (R Je R & REis CHAD A ])D;
TA * XT Plus Jii#{X (JE[H Stable Micro System A ) );
Q200 ZErR4fiE A (GEE TA 2Aw)). W5 1 2|
PR 01 TR S A R B 2 S M 4 ) T ] 24 42 [ A 23K 7 A B
AT
3.2 WWH%E

TR0 AR Sl AT B E RBn e 25 B2 o By IEHER
ST S LR PR S s B/ SRR RS I 2 (29 25 kg IIIA
PO, £-26CURE, Wil 14 d 5, T 4CRERER L
JEHR—2~0C, RIGHIBEHED)FIH 10 cm=2 cmx2 cm ]
g%, HPRRTHkalr b, SHRcE 50 RS, fK
JBCE 10 HF, BEATF AT TR, 2R 50% A4, 15
BIJF SN T HR . BT 10 5 D 31K A 52 56 4 i AT
FIARI U R W SEA A LY R e B O S s L R SR RINES
PRI Z AT Z 105 kW, AR 70°C, HAXRGHE
1 m/s, WEIKGE 3 m/s, INFAGEE 8 cm, fEIEAAF R LR
TSP L - & TR B GRIGAD SRR
T CREALD 02 TP RE R A oL R 5 o

AT R B OO RZD: In#AT)# 105 kW, Ik
JE 70°C, HOXAGE 1 m/s, B HIKGE 3 my/s, INFAEEES 8 cm.
3.3 MELRHR

1D BRI E . DAy B —HEAR AR S B A,
WM TR MK 22 R T 50%, HATMABEEAT I A .

2) ZE N4 E#Z: (differential scanning calorimetry,
DSC) AT LA &R A IR - T 2 g IFEION R R AR A7
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% Deng USRI VEREATINGE o MERHFRBOR EURAE K KA T3 GREIGZD) ST G IR4D)
FE10~12 mg, ERISE-FH&T, BN DSC AL hHE T R 2, AR AR, ST AL, A
Mg, FEFRSET 20°C P4 2 min, FFLL 5°C/min (T3 —HEE R A K ERE 50%, I FEIN G T
FNSTHE 100°C, B TATIE 3 K. 57.14%, HFEWN A 120 min, %) B ZHEER 5 280 min;

3) TEfkRE: HAERFES R E T 400 500 60, 70,
80°C NREATHIAK T4, T FIE 8 L ARLHIAK S
B BRES TR R, RbigaE. B
Ak

W I RBOK Y BRI AL (8) i1
p 00320 MR-0.016 _ —0.032In(Mt/ Mo)-0.016

& (t/d?) (t/d?)

(18
K Doy WHBUKY AL, m¥s; MR hKIyLL:
Mt A t N ZIPPRL TR B KA, % Mo AWIRIWIGH T-54
KE, Yor d AW TARINIETT TERILAS, my ¢ TR
I‘Eﬂr So
SERK A R S 2O

D =i (19)

S D TEIAIT WO, fss n JIRFEVCHC
AL RE T A0

1
=———E +In(D, 20)
) Ra+ma“+n(”

K E, AT TS IGEE, kI/mols R SRR IR 4L,
HAE 8.314x10° kI/ (mol - KD: T N FHHEE, C: Do
AYIREHE 273 K PR HR S, e, ms.

4) 5] K F AT (texture profile analysis, TPA)
(e 2 /IR 2 ik

5) Wi RA/NKESRIEN, TR HE ik
D RS AR, T8 5 SR FH /N oK B 2000 2 TR 1)
R Wi A

v,V
R == = x100% D

o

In(

e RO, %s Vo I THERTA AT AR, em’;
VO TR A AT AR, em?s

6) PEMMIE: CIE-L* a* b* (1976) LY, Hif#E
520t 25 B e 2F R 5o Bl L* . 2T EE a*
e p*E, JEPHEOEE C* (chroma) FEIRE
H* (hue).

b*
H* = arctan— (22)
a*

D WLEASERNE: S8 Kezywicke™ 1) 772,

8) IRV : #% Ji-Hun Choi® #7732, #EHL 11 4
AL BT VAN T8 5 2R A F AT P T 4, 4T
IIRRHER : I=SE AR, 10=50 AT

4 HREH

4.1 FRATTHRFERNE
6 ks B HER RE R A S U 2D Ah- B

Cr=a* +b*

[, W&IEwEEE (BREH 10h Ll L), #E8aHh
LEAN-RE A T RN RERS T8 120 kg JRORIFE
i BEET (P<0.05) BTSSR/ 40 kg
JEOBRE AR R S T 2 5.t DA,
S 2 - AR A TR % e R 3 s (P<<0.05)
AT IR, B TFERT, 32 sk =2eK,

60
H
£ S0t g
= D E 3 H
2 C G
El 40+ F
E b F
T
E‘) C
o
L B

;‘ 20Ta . —o— I Test group
K 10t —=— %821 Control group

0 40 80 120 160 200 240 280

45 18] Drying time/min
T A-H Oy TR B
Note: A-H response to heating zones of drying equipment
o Tl
Fig.6 Drying curves
4.2 HATAAERR DSC RYNZE
ARAZPERIWLP A 3G A B — e 3 I,
e T AQRRNUEREE (1 Sk AR PR S i R A, g TTARER
JUER SR A R AL B2 AR PR S R i i Ae e, TR
RN EAARNES RS AR I R,
RN E A SRR, i 7 nTRUG s, Lk
AP LA PO & T et GRE4D BRI R T
WA DA AR e, MR TR R4 3201
4= Bl 8 K 58 448 . iX 5 Malinowska-Panczyk
A5 VR A (1 50 o R B A AL P R 1 R AR AR R A R
gﬂ .

-2.00
R
Test group
z s f 4L
H Control group
=
i KT MR
“:_) Non-dried
-3.2
BES =1 m
3.50
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i3 JZ Temperature/ ‘C
P2 PN B | NI 11 B 711 /S D1 =1 & = S B S (N 185 g 8 DR i S 1V 1 = g S N v = S
Note: 1, II, III response to myosin head, myosin tail and sarcoplasm protein,
actin, respectively.
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Fig.7 Thermal analysis of jerky
Huff-Lonergan 25*RIE, JLPA 2R (A 102 M RERE B
ARG HFNE, BEmIRA S ah K i A KAz,
BESRIK Iy VBN o AT AR, B URCT R B A A
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b, JELR A 2r ah- XA A T 2% R In B A= T UL
WA AR YE, BEm PR A FR P, itk o, #@
AR RN, IR AT LR A 5 228k,
TR AEBOK TR B E sg a2k, i i B 4%
U AR
4.3 HATFFIRELRE

T AL RE AL T YR T g a5 A e 2 B BE IR (K1 7K 43 P
TR, TG Ak O ZR IRl I 25 Kk 0, 3%
AP LA & TR GRIRAD IRk
& OERAD TR NIRRT R S gk
FEMIDR R o 2 P15 25 I 28 TR 3800 2 BT 46 B 2 i
X (R?>0.99), [, W47 40, 50, 60, 70 & 80°C
FIPFEIK T HUR S 3 1.83 292, 4.12. 5.55 &
7.64 m¥s, BJRKTX A (0.64. 1.10. 1.59. 2.15 }
321 m¥s), FWILEAAREE T, BRI 4H I i AK 8eR35
FET (P<0.05) WA, Foh, R R A K
BT AR i yor mYs) SR (x, C) %
£V

y, =-3874.2x+13.023  R*=0.9963 (23)
v, =—4320.2x+13.406  R*=0.9933 (24)

Ky AESAP LA AR GRS G4
Vo PRI ORI R M R

FRPE AL (200 THEL1H H ARG LR B AL s
L AES> 514 32.21 kI/mol A1 35.92 kl/mol, Hi#& 5 )5& M
e, WIS A BE IR T 10.33%. HHIEIT LTS H,
ol o P 2D A AL B T 25 RE S B A T IS 1k
R, (EHIK RS HUR, Nimie s Tace. X fE
J2 T 20 A s R AN BE A PR 2F A SR B it
K I E KA, Tk K BT B BE AL, PR
TERE, KRR,
4.4 HRATFHIGR

SRR e 2 T B ) S TR AR 2 —, B (R AR
PEREREIA T 24 A TR 1wl ™, 3 n iy 2% & (il
B, Emaures®. #EeUh AR A TR
HARRN AT AN TS, BN, TR
TR AT B2 R T A Ao Z2 0 8K, IR RN,
g™ E, A ERAGA W N KT,
I TSR BRI BB R R 2 — o WA, o
PER R R LR I, JLARBR U8 B R 11867 THG)
IR R bR T A S R RN B S e
PR RAARFLBREE . FLBRURT AL AR S 2 i e b,
JUABRA, 77 ST e N 1 FR R R 45 AT A
R, S 2 A -FRE A AR A 1 20 1 2 I
WEE L WU L OB 24 )N 44.79 N 143.59 N Fll 45.48%,
HA BZN T PR % (R 2D 35.87 N, 182.69 N
M 55.0%. 25 EPTid, HHRRAER S, Ehar
Ah- P BT 25 e 8 W25 5% (P < 0.05) T
S, AL AR K,

A R TR B K T A e P R B LA 2 T IR AL
SHESNA R AR DRSS Rz, R b

AR B G, (A 22, R 1 R RS BT L
B, ESUP A AR A TR GR35
PART e CHE. H*EERT (P<0.05) #UX
TEw & 4D, MNEANIaEATEEE ST
(P<0.05) #ANAHE, MEkPaEas e KT
(P<0.05) #UAF5, RIFIES L sb- P A T8
WA RN B A AL, REAEIaEANS
&, s E A& E, N w+ R AR
MR X ATREAE (T 4 AN i TR R PY, Refg
V2% P It Sl R v R L2 B 3 DR B ) PR AIG,
mme L-3LIR 5 NAD V=42 NADH, feidtmekier
EdSE T NI EAR: - SPL 5% TR 1A R 4= PN ]
T AT S a2 30, AN, AE 1 RS>
ras Rk nT LI, SR H XTI & O 4D
bb, AP LR AT % GRIGLD 331
A PR BT S SR W 2 B 3 8 2 AR (P < 0.05) 6
ZE BTk, SAESHIT RS AR, IEG U2 ah-HA
A &R £ Be g 35 2G5 (P < 0.05) 2F T i,
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Table 1 Quality of jerky
Eizgan sl X2
Index Test group Control group

Jii#) Texture

NI M Chewiness/N 44.7945.09a 35.87+7.06b
374 /7 Shear force/N 143.594+3.38b 182.691+9.73a
4 # Shrinkage rate/% 45.48+2.60b 55.0+1.50a
{4, Color

a*{H Redness value 13.38+0.66a 7.34+0.69b
C*{H Chroma value 16.85+0.98a 8.80+0.79b
H*{H Hue value 37.35+0.76a 33.42+1.06b
L A E A

a ;z}fﬁf%‘f yﬁiﬁfm % 28.44+0.09a 16.48+0.21b
e N

gﬁﬂ%ﬁagﬁigﬁiﬁ % 33.24+0.10b 51.19+0.30a
JXE VT Sensory evaluation

{437 Colour 8.20+0.71a 6.220.44b
K Flavour 7.72+0.64a 7.54+0.68a
Wi Tenderness 7.59+0.86a 5.69+0.46b
MATR 32 Overall acceptability 7.63+0.65a 6.310.48b

e W ATR SRR BRI R TR VEZE R B3 (p<0.05).
Note: Different letters in the same row indicate significant differences between
two drying methods (p<0.05).
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4 (combined mid-infrared with hot air, CMIHA) T
&y T T AR

D RS R B & B BE A b o
Mk, FLAFEIER . PGB HRHA Al 3 NG,
P RAS AR ARG IR S WIEHT R
RN R G o
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20 A PRI R, R A G2 105 kW,
IIHGEEE 70°C, HURUKGE 1 m/s, AEIXGE 3 m/s, Dk
FEES 8 em) , A AR &AL, &L CMIHA
TR & B DL R B (T WA, BTG Ak RE
W AT K TR I Re i, B s AT KRG,
FRART B, B 2%, I EEFFK T 10.33%,
TARFES BRAR T 57.14%, AP B4t T 2 4.

3) LT &AL, #E8:50 CMIHA T3 %
Refl i (P<<0.05) TR, LR (P<
0.05) W TRIM&GMING, W (P<0.05) WL HEA
AL, e (P<0.05) HEEGWLLEAK SR, KK
(P<<0.05) mENLL R AMS R, 4T I 1)
AP, BN (P<<0.05) M EAAR R,

gi bATR, B HP L AN-HURAL G TR RE A RE S SK
AT S, b BT, AT SR mih i
T A TR 2%

(& £ x #

[1] Banout J, Kucerova I, Marek S. Using a double-pass solar
drier for jerky drying[J]. Energy Procedia, 2012, 30: 738 —
744.

[2] Putranto A, Chen X D, Xiao Z Y, et al. Mathematical
modeling of intermittent and convective drying of rice and
coffee using the reaction engineering approach (REA)[J].
Journal of Food Engineering, 2011, 105(4): 638 —645.

3] &K, B, WEASHR TZ8M]. Jbat: PR
Tk AL, 2010: 150—151.

[4] Ishihara Y, Moreira R, Souza G D, et al. Study of the
warner-bratzler shear force, sensory analysis and sarcomere
length as indicators of the tenderness of sun-dried beef.
Molecules, 2013, 18(8): 9432—9440.

[5] Trujillo F J, Wiangkaew C, Pham Q T. Drying modeling and
water diffusivity in beef jerky[J]. Journal of Food engineering,
2007, 78(1): 74—8s5.

[6] Krishnamurthy K, Khurana H K, Soojin J, et al. Infrared
heating in  food  processing: An  overview[J].
Comprehensive Reviews in Food Science and Food Safety,
2008, 7(1): 2—13.

[7] Hebbar H U, Vishwanathan K H, Ramesh M N. Development
of combined infrared and hot air dryer for vegetables[J].
Journal of Food Engineering, 2004, 65(4): 557—563.

[8] Pekke M A, Pan Z L, Atungulu G G, et al. Drying
characteristics and quality of bananas under infrared radiation
heating[J]. International Journal of Agricultural and
Biological Engineering, 2013, 6(3), 58 —70.

[9] Pathare P B, Sharma G P. Effective moisture diffusivities of

onion slices undergoing infrared convective drying[J].

Biosystems Engineering, 2006, 93(3): 285—291.

WANT, 2k, REE, &, FRTPaS-ARA ST

e T 2RI AARD]. AR TRE2A4R, 2014, 30(14):

322—330.

Xie Xiaolei, Li Xia, Zhang Chunhui, et al. Moisture mobility

mechanism of beef jerky during combined mid-infrared and

hot air drying[J]. Transactions of the Chinese Society of

Agricultural Engineering (Transactions of the CSAE), 2014,

30(14): 322—330. (in Chinese with English abstract)

Clemente G, Bon J, Sanjuan N, et al. Drying modelling of

defrosted pork meat under forced convection conditions[J].

Meat Science, 2011, 88(3): 374—378.

Gangidi R R, Proctor A, Pohlman F W. Rapid determination

of spinal cord content in ground beef by attenuated total

(10]

[11]

[12]

[13]

[14]

[17]

[24]

[27]

reflectance fourier transform infrared spectroscopy[J].
Journal of Food Science, 2003, 68(1): 124—127.

AN, Ak, SR, A PLAN-BOAALE TR A
FREARAEFESR W [0]. Al TREA44R, 2013, 29(23):
217—226.

Xie Xiaolei, Li Xia, Zhang Chunhui, et al. Combined
mid-infrared and hot air drying reduces energy-consumption
and improves quality of jerky[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2013, 29(23): 217—226. (in Chinese with English
abstract)

VERRI . ZLAMARST 5 R R I 0 0 B 20 BT Sl 5
FD]. dbut: PR E T B, 2003.

Wang Xibo. Theoretical Analysis and Experimental Study on
Combined Convective and Infrared Radiation Drying[J].
Beijing: Engineering College of China Agricultural
University, 2003. (in Chinese with English abstract)

Khir R, Pan Z L, Salim A, et al. Moisture diffusivity of rough
rice under infrared radiation drying[J]. LWT-Food Science
and Technology, 2011, 44(4): 1126 —1132.

Deng Y, Rosenvold K, Karlsson A H, et al. Relationship
between thermal denaturation of porcine muscle proteins and
water-holding capacity[J]. Journal of Food Science, 2002,
67(5): 1642—1648.

Singh B, Gupta A K. Mass transfer kinetics and determination
of effective diffusivity during convective dehydration of
pre-osmosed carrot cubes[J]. Journal of Food Engineering,
2007, 79(2): 459—470.

Shi J, Pan Z L, Mchugh T H, et al. Drying and quality
characteristics of fresh and sugar-infused blueberries dried
with infrared radiation heating[J]. LWT-Food Science and
Technology, 2008, 41(10): 1962—1972.

SREER, BEW, BREE 5. s T8 VU Y
TR A A ST[0]. ARk TRE 22 3R, 2004, 20(3):
141—144.

Zhang Guochen, Mao Zhihuai, Mu Chenxiao, et al. Physical
and sensory properties of vacuum microwave dried scallop[J].

Transactions of the Chinese Society of Agriculture
Engineering, 2004, 20(3): 141 — 144. (in Chinese with
English abstract)

Honikel K O. Reference methods for the assessment of
physical characteristic of meat[J]. Meat Science, 1998, 49(4):
447—457.

Krzywicke K. The determination of haem pigments in
meat[J]. Meat Science, 1982, 7(1): 29—36.

Choi J H, Jong Y J, Doo J H, et al. Effects of pork/beef levels
and various casings on quality properties of semi-dried
jerky[J]. Meat Science, 2008, 80(2): 278 —286.
Malinowska-Panczyk E, Walecka M, Pawlowicz R, et al. The
effect of high pressure at subzero temperature on proteins
solubility, drip loss and texture of fish (cod and salmon) and
mammal’s (pork and beef) meat[J]. Food Science and
Technology International, 2014, 20(5): 383 —395.
Hernandez-Herrero M M, Duflos G, Malle P, et al
Collagenase activity and protein hydrolysis as related to
spoilage of iced cod (Gadus morhua)[J]. Food Research
International, 2003, 36(2):141 —147.

Trujillo F J, Wiangkaew C, Pham Q T. Drying modeling and
water diffusivity in beef jerky[J]. Journal of Food engineering,
2007, 78(1): 74—85.

Traffano-Schiffo M V, Castro-Giraldez M, Fito P J, et al.
Thermodynamic model of meat drying by infrarred
thermography[J]. Journal of Food engineering, 2014, 128(5):
103—110.

BTfiE, ZE7FAs, AR, S5 ASEVRGEE SR HE A e fh
FRAFEYERE AT S [0]. Aol TRES4R, 2008, 24(2):
250—254.



5 6 1] WA JESE P 2 AR PR TR B R 1 289

Ruan Zheng, Li Biansheng, Zhu Zhiwei, et al. Effects of [29] Renerre M. Review: Factors involved in the discoloration of
different freezing rates on the freezing characteristics of beef meat[J]. International Journal of Food Science and
Ctenopharyngodon idellus C. et V fillets[J]. Transactions of Technology, 1990, 25(6): 613 —630.

the Chinese Society of Agriculture Engineering (Transactions [30] W/NiE, 25 Bk, kBN, 2 AT R0 N T
of the CSAE), 2008, 24(2): 250—254. (in Chinese with R REIAT]. A LFRER, 2015, 31087 1): 346—
English abstract) 354.

(28] x5, skwkn, HEE, A AN TR B Xie Xiaolei, Li Xia, Zhang Chunhui, et al. Effects of different
wh SURITIOM SR (P [J]. Aol TR, 2012, 28(15): drying methods on physical characteristics of beef
221—227. jerky[J].Transactions of the Chinese Society of Agricultural
Liu Shucheng, Zhang Changsong, Ji Hongwu, et al. Effect of Engineering (Transactions of the CSAE), 2015, 31(Supp.1):
drying methods on qualities and microstructure of tilapia 346—354. (in Chinese with English abstract)
fillet[J]. Transactions of the Chinese Society of Agriculture [31] Xiong Y L. Protein and Implication for Muscle Food
Engineering (Transactions of the CSAE), 2012, 28(15): Quality[M]. New York: John Wililey and Sons Incorporation,
221—227. (in Chinese with English abstract) 2000: 85—111.

Development and test of continuous combined mid-infrared with hot air
drying equipment

Xie Xiaolei!, Zhang Chunhui'®, Jia Wei, Li Xia', Wang Zhaojin?, Mu Guofeng®
(1.Institute of Agro-Products Processing Science and Technology, Chinese Academy of Agricultural Sciences, 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 efficiency was always considered to be the most important factor by factories, however, low thermal
conductivity and case hardening of the material slowed the moisture migration in hot air drying, and resulted in more time and
energy consumption. So to solve the existing problems of present drying equipment, a continuous drying equipment of
combined mid-infrared and hot air (CMIHA) was developed in this paper. This drying equipment included feed section,
heating sections and cooling section, of which each heating section was made up of four parts, i.e. conveying system, heating
system, convective circulation system and control system. As we all know, since infrared energy is converted into heat only
when material absorbs the radiation, it was essential to select a heat source emitting radiation with the range in which the
material to be processed had maximum absorption. So, the radiation wavelength of infrared was selected by the infrared
spectra of meats, and the radiation intensity could be controlled by changing the amount of working lamps to make good use of
the radiation energy. At the same time, this equipment was developed by calculating the main technological parameters of
convection system, cooling system and heating system, and then the production verification test was also done to compare the
difference between CMIHA drying and hot air drying on beef jerky. Results showed that, in the same conditions (heating
power 105 kW, heating temperature 70°C, wind velocity 1 m/s, cooling wind velocity 3 m/s, heating distance 8 cm), compared
with hot air drying, the continuous CMIHA drying equipment could speed up muscle protein denaturation, reduce activation
energy, reduce the energy that jerky needed to accelerate moisture migration, and improve drying efficiency. The time
consumption that the beef samples in the first row on the conveyor dehydrated from raw to weight reduction by 50% for
CMIHA drying equipment was 120 min, and the production efficiency was 120 kg/h, if the working time of equipment was
more than 10 h every day. However, the time consumption and production efficiency of hot air drying equipment were 280 min
and 40 kg/h, respectively. Besides, compared with hot air drying equipment, CMIHA drying equipment could reduce the case
hardening of jerky, significantly decrease (P<0.05) the value of shear force and shrinkage rate, and increase (P<0.05) the
values of chewiness of jerky, and the chewiness, shear force and shrinkage rate were 44.79 N, 143.59 N and 45.48%,
respectively, but those of hot air drying were 35.87 N, 182.69 N and 55.0%, respectively. As we all know, different kinds of
myoglobin can make meat have different colors, of which myoglobin is kermesinus, oxymyoglobin is bright red and
metmyoglobin is taupe brown. Compared with hot air drying equipment, CMIHA drying equipment could increase the content
of oxymyoglobin, and reduce the content of metmyoglobin, which made jerky have better color. The values of a* (redness
value), C* (chroma value) and H* (hue value) of jerky dried with CMIHA were significantly higher (P<0.05) than hot air.
Besides, the sensory evaluation of jerky dried with CMIHA drying had higher scores than hot air drying. This study can
provide valuable information for designing and developing this new continues combined mid-infrared and hot air drying
equipment that can be used for solving the problems that low drying efficiency and poor quality of jerky.

Key words: agricultural machinery; drying; meats; mid-infrared; drying efficiency; quality; activation energy
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