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Infrared heating technology and its application in food sterilization
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Abstract; Infrared heating technology has been widely used in the
food industry, which has a very important significance for food steri-
lization, improve quality and improve the health of food. Meanwhile
introduces the working principle of infrared heating technology, the
characteristic as well as the influence on the main components of
food, and summarizes the application of infrared heating technology
in food industry, with examples, of infrared heating technology in
food sterilization and other areas of application and research progress
of the analysis.
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Table 1 Infrared wavelength division

LLAMFI Pk / pm
AR/ 0.75~1.40
LREAR 1.40~3.0
prEAR /) 3.00~1X10"

orop2k w{ 5 5t
2 -
H T

Bl asriiefziRER

Extinction of radiation

Figure 1
243



MRBHR

2016 % 3 4

R A R AT 5 52 22 0 2R W A R D o D) R A R R e 2
24 2T MR I A AN B A R 1) A A A5 B L T R AT A
28 B 5 15 0 SR 1R BT WRONC L B A AR R Y 43 F DA R OB 2
A LR E A HLEE B 0 ROR S AR K e IR —
o MR I TR B 23 B T L NI AR B A H T
1.2 WEGAEAESWFIESH

BMBET -MERRESY. EWHaE KEK EY
[ A RN = 72 R P& ok /[ G P o s s = < N i IS 5
I R RS (AR DL S A3 BB AN AR TR X 21 A0 2 B IR U
R AE FE R R 25 5 A0 3 U AN () B 4 19 21 A W i S
FREARFEMT 7, MHxEE g KRami L, g5
4 £ A/ A T IR T P 8 2 43 21 A/ W5 s 9 ) %) AH 25
BT B A [ 2 43 X8 A T 08 4 11 £ 1 21 R A O )
398 A2 150 5 2 40 0 T A1 S R 11 W 5 R R 1Y

AR A0t X — [ R AT T OBIF AT, 3 A A K G T
WS T 5 A A AT AR I B B AR A 1
i 2L 03 IR OGS TE IS X WA EH & . TERTA 5. K
Xof 2L A Y 2% W AT ) 2 il e K Y LA B 2~ 11 pm, 2
JB R 22 IR ) WROCE FEL DR 6~ 9 s B2 i TR 2IS W WS TR 7 3~
4 pm, BRIGZANIEZETE 3.0~4.6,6.0,9.0~10.0 pm WUk
U B 3L A ke 1 R e I G A R L B W TR K AL S WAL A
PRI TEE N 3 pm FI 7 ~10 pm. 38 33 XA G 420 59 %
F R B okt 21 A0 2 8 2 9 M O [ 0 W ORISR L 3 T L
HYLLAM I YE B 2 P, 3 L W el B th B T BA A 1
BT, (AR — 3 R TR 0 T A AL R K 2T 5
W ST T Pl e A LT3 3 1 T A AL G P IR BT
2 ML AMIMEE AR K B R
2.1 WEYE

SRRt Y005 N N 4 N D g D AR | B 2]
W WFEARKZERD, @HEEHT. M7 55K
HA B, 1 21 M A EE J) BT R, AlD Motevali %5 fiF 58 & B .
AT 2 AT B B AE A R K R 40 A R G R A
2 min B, B ZF AR BRI T 5 & B 2 min 2
J& BRI T R I B IUHE R 1 0 5 7 3% A0 M R 2 A0
A il FZE TR R B 2 0T LAAE 2 min P B0 R B 09 1
L ARTFIRE R ZF 2 0t 2 PRI R . G4SN ImRB AR &b
10 minZ J& 5 28 W 2 , Al 55 2 900 7R A 09 B sl b ik B T
90% LA E
2.2 WEVEENER

— R U SR W A B B BL A i S L R B0 L R e )
PLR T A . oA W TE A K Y A B BO AR A 4 RUAT 2
AT 5 B0 5 %k 21 Mm% B IR TT RE 0 L A 7 2200 . st e B
HARIRE A W T 5 . B 2040 i 3 5 i g P, Ragab K
SIS R I AEAE S R 3.2 KW/ B SR W b FRa
AL H B0 00 40 B AT AL B 0] O Sming @ o 0 L R
A MF B 1.8 lg CFU/mL. 48 % M1 40 g T K&
3.9 lg CFU/mL,

244

2.3 HREE

LLAMIN Y 27 35 7 SE bR bR AR R 55 0, IR AR i Ao
AR R A 3 AR IR R R T, A RE R R S
AWHORA GRS S HARE, THSVY AU M. &% 6
T 25 3R P AE LT MRS AR VR BB BB T A R
B T 40 ML R A7 450 4 ML B 2 UK E T R T AS T G s bl A oA
301 KERBE R, 2R LB 0.9 mm B, T ACEE 2.9 mm B
FHET 3 1g CFU/mL, % B A2 , K FF i A & 5
W BT R 8
2.4 KOBEEMERKK

Hamanaka 257 [ £ 4 %5 28 4T T A9 2000 KGE b AT T
WhIT. JEEL 3 AN 4E 4T 3% . A A fE S 4% 00 4 G I R I L 43 5
S5 T I LI, T W fE Bk K 950 nm, IT 04 {H B K 4
1 100 nm, [T W B K2 1 150 nm, 3 FlE 5 2% (1 2141 i 4
S M BE SRR, 45 R B R IS RO B A R L R
Ao FEIX 3 PR [FIZL AN A (0 BT R 90 2F 10 T T i R
SRR LR K 43 35 BE IR R AR . PN b, A R B AR v, i]
DL 3 B ) BRI BT AR B au (8 G S BT E
M AT S AR
2.5 BEERT

ZEAM AN BE BB R R A A, TN R
W FELLAMNIN G AE T s i TR S I A, BT DL/ 22 08T
T RS FFF. B ]y 60 s, 2427 A1 A BE B R Ok ik o
I, /0N 22 2 160 30 8 R g T 5 17 /0N 22 2 1 BT 9 50000 A i ek 20
FT O T A M 0 A A R R L R T A R SR R A
2.6 SMWIE

B b R AR AL 43 X AN [ U B R 20 A0 AR B R ) Y
WRSCTR JEE o O T AR R S A 1 D SR R & T B LR
B 0 S B A 0o 21 A0 B IR SRR AE . Khamis MZEDY F]
e R A B LA K AR I E 5. 88~6. 66 pm I X} R
SRR R 1 ik 0 TR R S o R AT KT . A5 R R TN
Kyl 5. 88~6. 66 pm A, 21 AN AE i 1 6 28 1 IR & 2
A R FH A L1 A i AAORT 5 B 2T A i Aot Pl A AT
Ab B ) 5 ming, 24 FH B 1 40 AN i B iR 0T T SOR
B E B B R F& 0. 45 1g CFU/mL #1 0.5 lg CFU/mL,
TR B AR O R L A LT AN AR A KB R T
A0 %6 ZE AT . BRI L A S o A 7 g R P R AR A i B
AT T2 SR X 21 M AR A% P R AT S L R AR A 2k B AR
8T AR TR B, SCRE B el TR R S R R B B R T R
TR
3 ZLAMMAREAAL £ fh 28 A i v

SR FH 20 AN AR AR 0] 8 0% A S0 o 3R B, 2040
IE A AT R85 A 85 A% BE 8O L 1 LSRR B R
[ AN )15 2 N W N o = R S = | T v
2L NI BRI 5T 7 1) 32 2 42 vl o B 08 FH A T 6T A
IR 2 T R Ul 3 I X AR W R K Bh g # EATEOT s H
J2 1 O 2 20 AR A O IR A R B RR



E2EFE3H

SCRME - LLAMIAAEE AR B FCAE £ b 2% B 199 B2 AT 52

3.1 BRRRERE

LLAMGE TN 535 F1 AR, — ROk U, HRE i s L=
K X A BEAT LT AN A Ak L g S s T I G o
WAL PP LB & RN, BT RS EES &SR
HAHE BT LA, 400 58 Ak oy L B A T A, IR 4 IR S &
B 55 30 T IR A 3 B A P A AR R AR D T R )
FIRTARR . H 2 K 2 B0 75 12 5 0 g 7R A 02 Hh B AE 3R
T« D0 SR FH 2T A i A AR BE A6 A 00T K 5 1T AT O e K
FEER Y2 5 R . BT LA 20N I B R B A R
THT A% FAT & 11 EL 7 0 3R 08 AR T P i g B e Tz
30101 HTEEAKIR TE KR R D, R R R AR
VLG o A A A5 R R 4R TR I K SRR AE B IR e R R O R A
A%, BAE SR L NG 55 B K R AR A I TR AL R T d A
25 W B TR K A A R L, KR A AN SR AR IR L i HL AR
AR, — ORI K Z B AR 2 ok A & 2 A Ak
Dy B AR AT A B . H I B I AR O 1 48 4 ) R R
A I E A AR A, XA R FRBAC
o T e R . Khamis M 28050 SR 43 T Sk 14 357 6
RO X BE RS HEAT 5 min Z0AMMERAL B, 45 S F 0,
LT AN AT AR RE 5 AT RS 1k 7 A A7 ok R v R AR AL
EF B RE TR 7 A AR AT R . Khamis MOSEP7 48 46 3% —
55 JERTRNA] 78 L0 M I #5516 s T TR SR A 30 s,
SRIG TS A0k AT FE R AL B, I [ R RE R 30 s, Ak B 5E B
Ji T B TG A6 5 v i) R RO B 0 50 %0 A AL Ho
ZE A X R 1) I A6 SR 1 o TR i AT AT R 0
3.1.2 EHER SHERTMKS SR EERIKN. 47
E R R 5 R AR IR . EE a0 SR 6 F & R RK 4 &
TR R — AR R B AR L SRR A
TR BB R R T R E R . H AT A R R T IR
7 R Co™ UL R T e B R FE SR ST
FREREASS L TAE E —E AU BT AR 4l
TR TR K 2 R A AE 3R 1T P 8 A 20t B0 440 T Rk e (9 1
Bt BT VAT L 2T A A R X R R AT A B AL B, W
A s IR A E RS LA RSN RS A, H
PR R BT B 3038 45 6 00 B 18] Sl . ORI AN TR T IR
Ll B A 2T A0 Jim B Bk 2 B (R 5 A0 2 Ak B I R
B 15 LA R ) . — SR AR 7E 300 °C £ T TR
FHURE AT AL BH HUAE 35 4. 7 min. 78 350 °C 4 F X 2 8
FEREAT Ab PR B2 3.5 min, Kb BRI B K SE 5 AU AP 1) 1
B T R BB TR 4 R B8, I L SR ABURT: 14 o B R 2 % BT A
s, ULRMER W 7E B A R R B L 20 A i #EE R
SR B A AT IR Y ELA AR R A A .
3.1.3 BdEEd X RDE R SOk oa s AT O
EHRRE. BNEETRTEeEAERIIN TR b+ X
WA FEAr I F 1 45 5 A 77 Rk AL B i, T AAE BB TR 25 5
P FEORNHE ., XEBUREIEATE A AN EERNEN,
SR FH A 55 RO 2% 10 A% T B R AT DA A e — ) B, i3 4
MEARC SR AR T2 8, A0 R

IR R L2 A BRI 3 R R BT ER T W A
BT HEAT

Deliephan AP*! 88 D) 28 [/ 75 47 0 1), X 20 40 i B AR
PR B R AT TWF5T . @5 3 R S # i R 41 & 7 =X
BRI R R IR /NRE TR 5.5 1g CFU/g LL . &4t
2S5 W R A A AE SR AU L i 5T 45 5 T 5 R Ak B0 OF
NGIP
3.4 MIARES BOARE &S EHER A SRR
WAL BAR K ZHON B0 R AN 75 B AT A4 i A0 31, (2 I 2R A7
ERMPATFEER W FEHRERER. BEEE. X
LR T T ER AR XK A 8 B R B N TR R B
il S T T TR B R IR L R A T LA I AR R B B
U Ay T A AN TR BR AL TR A SR . AR G D R 4 Ab
TR AR AN 7] 7K 43 35 1 1 RO 5 56 T i A I 8 R s
U I #E] 350 °C TR 30 min, 7E 95~ 100 C 4 T 4k £
6 min,a, {5 Jy 0. 88 K B UKD A B ZF 1 4F TH £ T B
4.5 1g CFU/g, $E¥EA 3 09 PR % B RIK 4316 B AT 7E JRIE
i JBT A T i I R R Al 20 e
3.2 WERM

YN WA M. NHDRE SRR
FH 25 T8 7 22 A IR B0 J R R 3 PR 0047 0 T L A
NG BE AL b B A B . ER RS B SR
JE MR  IF BN W BE A5 st 2 S BORL TR L X B
TR o BT L A DR A A R B ROCR L (R R e
WA I T R AT P Sk . (R R WK A T BT AR K = e ]
M HE 2 A R R R K Y E IS YR i, BT LA, 46 20 %2
TR TR A AL EEE By M IS B R B AR KR,
WEFT A s 20 40 i A R 2 e R B R . M E
B VORI LA 0 $A R AR X A 9 P 4 ¥ R A BRI AT T
AR 7E 619 C A /F T X 4R 34T 4 min (4L 3T, 24
PHARE )y 3 mL A1 5 mL B, G895 4% 4 o €0 1 45 Bk 8 4 0 K
WL T 402, SO SR E B, 20 A i 3 AR
LR M R B TR ER R AT RE I D T A A
B IR
Vi

LLAMM AL ARAE Sy —Fh @ AR B R E AR T &
TR R TR T 20, KRS )
Fa o SCEEAZE T L0AMMAAE AR B AR R R S DL ROk &
FE R BSE I I BEE T LA IR R AE A 7l A Y
FH G546 S0 0 2L A0 FieBe AR FE B 2% T 55 O TR R R
WFEHEJRIEAT 1 A . S5 3SR 20N M B AR R A ROCR R
U7 1T BB DR A7 £ il JRUAR 1 BT R — i Ll e B AR Y R
TR,

5% 3k
(1] Bk, WAL, DifgsR, %, & San /M St A B AR 09 0 5
B[], &k Tk, 2014, 35(10): 231-235.
(2] ¥ 8AL, Atungulu G G, B2k, B RUR = i T 00 — PG 28
245



MRBHR

2016 % 3 4

Fik— A Mk, THREAR 54, 2013, 11(1): 61-66.

(3] midh, ek E, 2B, 25, 204 mBE AR A £ 8 T A i B2 A
Fergg b L], a5, 2013, 29(2) . 218-222.

(4] sk, Bh3CA, D4R, . JBE/K 3% 32 00 f 1k s 2 b g 59 K i iF
FR[J]. iRk, 2013, 34(23): 133-137.

[5] sk3k. 21 5M BT Thad 5 A K T 2010 4k I 2 1% S A0 1 2k 16 HL
BAHEFE LD dbmt: b E A& HL AR 16 B 2 BF 5T B, 2012:
12-13.

(6] T, Maes, XIsik, 5. 20 40m B AR 78 M ATl i B0F 5 k8
0], mh e iR, 2015, 31(3): 59,

L7 x5k, SRAKH, BRIV, . 20 /M AR #3185 T 45 v (9 2 A i 9
HEREL)]. A% 5 LA, 2015, 35(3): 50-53.

(87 Z=il, ARENR, 3058, 5. WL HNCIEHE AR M AR WA & R
Mmprse st ]. i TR, 2013, 34(11): 376-383.

(9] R4, FMERIT, 25 . LA B A A 25 T Kl & o
RIWF o BE L], RAEBESE, 2014, 23(4); 220-224.

L10] #lesd, 7%, M LLAMMARBARTEDL MG &5 43 R okt E 4k
g RELT. WoRHE AR 530, 2013, 34(1): 15-17.

(117 25, AR, SR LT AN S a8 AR e KRB i #4411y
BT, Tk, 2013, 35(1): 32-34.

[12] X, B PRus, G, 4. S0 20 4 i 19 20 90 6 3% o A
[J]. HZSmTFHA, 2013, 31(5); 10-14.

(137 PhGE P, T2V, L0 AME 1 & B 24 A SR AG I i 11 1o F 9
HERLTD. ML, 2013, 41(15); 12-13.

[14] Bgar, T8 E . XNFF, . I 2000 60 H AR 78 2 & 7= b 3]
P g e LT 1. il % 5 0% 48 #r, 2011, 31(4):
877-881.

[15] DifE sk, T48, Xk, 4. ThA4 S A 20 A0 4 ¢ R 15 /K 3t 58 2%
I %T]. ol LR, 2015, 31(7): 304-310.

[16] fkdamm, i, B4, 5. 20 oM n G G i i) %t 2k 22 ¥4 B
HsmLT]. BARGTSER . 2015, 23(4): 1-4.

[17] PedRh. Sm2r M mFA 48 AL AE # M LD]. A K. Wb Rt
Bk, 2014, 5-6.

(187 XUZHB . FhETHT . M. 5. SLLLAMGIE A I AG | f P 2k
SRR RER R, 2016, 12(1): 155-162.

[19] T A%, Fkohsiot 58 SN RILL SN i 9 0f 78 4 o il 3 S L R
RGPS D], HIT. LK%, 2014, 11-12.

[20] Xk, O MR 0 2000 i e i (D], k. 7R K
22014, 17-19.

[21] D05, migE. BmAWH S RE R EARLGRII]. WILE
HOR 2B 23R, 2015, 29(3) ; 39-44.

[22] Bk, ML dh 4 IR B 8 % W BF 58 [D]. L. LR K
22014, 7-10.

[23] Z=580E . XM B, " REL. L0 AP IS LW 5250 Co-y 4 42 i MR X
RIS LA s m[]]. A2, 2014, 28(4): 617-622.
(247 XV, 205N GHm #H F & S e F R a5 (D], R

RHFRHE K2, 2014 6-7.

(257 MR#E. T, BIRIT. 45, 2040 T 4 3R 7E SL 55 n T ok (Y BF
FEIR SR BLT]. AR R, 2015, 43(10): 1-6.

[26] Fi1z%. 2013 AE Ry ELAMEAR CPO L], gosh R, 2014, 14
(3); 180-189.

[27] R L EL A3 RA A /Y TRV 5K 5R[D]. K&
AR, 2014, 12-13.

246

[28] Tanaka F, Verboven P, Scheerlinck N. Investigation of far in-
frared radiation heating as an alternative technique for surface
decontamination of strawberry[J]. Journal of Food Engineer-
ing, 2013, 79(2). 445-452.

[29] Wu Quan-jin, Sun Wei-jiang, Wu Zhan-fu. Research advance
on tea processing and production based on far infrared heating
technology [ J]. Journal of Agricultural Mechanization Re-
search, 2014, 34(2) . 45-49.

[30] Navin K, Rastogi. Recent Trends and Developmentsin Infrared
Heating in Food Processing[J]. Critical Reviews inFood Sci-
ence and Nutrition, 2012(52): 9, 737-760.

[31] Ali Motevali, Saeid Minaei, Mohammad Hadikhoshtagaza. E-
valuation of energy consumptionin different drying methods[]].
Energy Conversion andManagement, 2011(52): 1 192-1 199.

[327] Daisuke Hamanaka, Naoko Norimura, Noriko Baba, et al. Sur-
face decontamination of fig fruitby combination of infrared radi-
ation heating with ultravioletirradiation [ J ]. Food Control,
2011, 22(3): 375-380.

[33] Ragab K, Zhongli P, Adel S, et al. Moisturediffusivity of
rough rice under infrared drying[J]. Food Scienceand Technol-
ogy. 2011(44); 1 126-1 132.

[34] Khamis M, Subramanyam B, Flinn P W, et al. Susceptibility of
various life stages of Rhyzopertha dominica (Coleoptera: Bos-
trichidae) to flameless catalytic infraredradiation[ J]. Journal of
Economic Entomology, 2010(103): 1 508-1 516.

[35] Khamis M, Subramanyam B, Dogan H, et al. Effects of flame-
less catalytic infrared radiation on Sitophilusoryzae (L.) life
stages[ ] ]. Journal of Stored Products Research, 2011 (47);
173-178.

[36] Khamis M, Subramanyam B, Flinn P W, et al. Susceptibility
of tribolium castaneum (Coleoptera: Tenebrionidae) life stages
to flameless catalytic infrared radiation[ J]. Journal of Economic
Entomology, 2011(104); 325-330.

[37] Khamis M, Subramanyam B, DOgan H, et al. Flameless cata-
lytic infrared radiation used for grain disinfestationdoes not af-
fect hard red winter wheat quality[J]. Journal of Stored Prod-
ucts Research, 2011(47): 204-2009.

[38] Deliephan A. Exposure of wheat to flameless catalyticinfrared
radiation on temperatures attained, wheat physicalproperties,
microbial loads, milling yield, and flour quality[ DJ]. Manhat-
tan; Kansas State University, 2013: 7-12.

[39] Kang BJ, Ryu D K. Method for detecting pedestrians based on
far infrared ray camera at night[J]. Click for Automatic Bibli-
ography Generation, 2014, 13(4) . 62-65.

[40] Belgin Erdogdu S. Far infrared and ultraviolet radiation asa
combined method for surface pasteurization of black pepper-
seeds [ ] J. Journal of Food Engineering, 2013, 116 (2):
310-314.



