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AP ZET IR AL LT IRAE A () A B it e 85 SRR, T EAEARZ L /KB 15 min, A7 12 h WTEEREN 50°C.
12 h JE TR BE R 65°C FeRlEA 3.5 to JE 2 SAHGREE Jy 25% 0, KRS /K E A 16.8%, UFHHEH 96.0%, 5
9%, N FTET RFEREN 0.92 (kW-h)keg, FT TR T RLE 00 901 45, S0, 25°C oK 30 d
TN, Rgs R BIREIKEN 17.8%, REMH R A, BRI E 72007100 0.02 F1 0.1 mg/kg, 300 B AR
K, KB REE<30 cfw/g, HHEHECH 30 cfw/g. ZLbE:, R THAEMS 2RV TR ARG 1%, ARG L T A
i 50%, FHER. Vg ERERAeth. WEIUEE FAMEMIIIE T bR UL AR = SRR R 5 2%
KR TR I Mk AR AR iRk
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AL EED 2 E BEREREE AL, 90%LL L EER T
THRSTH, DD . WA =il TR
20 J7 t, AEPHE OB A, BRI Tk SO iR
S ER N5 o | 1 T B AR I R I Kl
U AR, ARG 4 1 AL 4% V2 it P 7% 7 BR AR L e 2
FE EHEST N . H RN AR P R AT S R AR B
T R TR TS 3 Bk Bl Bt
SRR RS AN T, BB SEAREE . VY,
ME DL Y AR MY ) R % o 28 VR I5 USRI R T
PIFEE AR, FIBEREEE R & TR ™= S T,
{EOR R =AM R, SO 2B T AR T
FR PRI ICT e PR FIPL AL i T R ar s, H 2k
S RERB TN TRk T

WA H I 2015-12-31  f&iTHM: 2016-03-23

FEETH . WA - F I — A BI04 (CXY20140024); g7 44 5 s
RIH (ZDYF2016099)

fEE TN RN, Lo, WIHERIIA, BIRFSCR, BT A AR i 15
Woie WEE MR A AL RS B A SN TR EUIT, 571100,

Email: zrh0912@126.com

KIMEES: SE&ME, Y, 7RI, BHGL, W7 A= 5o E &
Woe WEET R A AR RHEREAR P SN VIR, 571100,

Email: 513408658@qq.com

ML T HIATEATITRE 30%~50%"), 7EHwK
R R A= N FH 7 T A T BRI I BT
BRI A 2R T AL AU T LA
ST HRAIR PH A T [ SRS RO TR
EEGETICALNE U NI O ¢ G R e ¥ T T
W FARAT T RUE I L 2280 AR dh TS s
T LA SRR R 2O, B T ROEIRNT .
AL SSRGS, A DR R R 1 T
B E N ANER WARIE . 25 IR IR TR i
FEARGE LI TRl B BRGNS, HAT T g
AL Bt TR AR R D Sk
ALE PSP S R WA AR R P LB U Ry VAW S
EMTESH, JFAT OB TR, DU R
R SRR TR IR T2, R T D T
M FRAEA R LA AR BEROR SCHF

RS T

1.1 ARTHREERTIERE

BRPAE TR B W 1 PR, 2SR TH5
(10 )i A P2 R A A T S i, e
P AU, KRR BT Db, BT D P K28R
S ORI TEZN)IE AP EE 7/ S SOV N TPy SR T R e
REHER RBLHERIE S A, A E YRR K 7, 2%
SR ESE T



242 Ak TREZAR Chttp://www.tcsae.org) 2016 4E
TR )1 ) ) )
s e . Moisture emission 2T I #IE P PLHeat pump inner machine
RS — VTR AL P4 T T Open material car to
Hot and damp air ! gth—'T Hot and dry air Exhaust fan - . P
rying

room

kg5 Condenser

U]

g [ . )
Throttle installation X/f,mﬁqb Compression engine
kT
BT,
HE T HEER

Environment air

waEE = N ==

Environment air |

7 % #Evaporimeter

a. MERIT RG05 P
a. Schematic diagram of heat pump drying system
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b. Schematic diagram of heat pump drying device

B 1 #ARFERARRE S REZA
Fig.1 Schematic diagram of heat pump drying test rig of betel nut

PR HETHL b g 7 SR RE RE IR PR A Al ER A, AL Kx
PEX AT AR 3.6 mx2.5 mx2.4 m, f RBEE N 3.6t F
BB W ER 35~80°C, KU 2.0 m/s, AHXHESE (RH,
relative humidity) 4 10%~90%.

1.2 MRIE5NEE

WA (M A T T, SRR, RO
BUR PR BIRERR A, IO, 3L BAESK
A 80%+0.8% ¥ i R IREG A K o

XMTA-6000 ZRUHCR S THAE, Bl HiEs 0GR
HRAF; TMS-PRO i sr#ri, JEH FTC AF]; 2%
W55, T TR A A AL
1.3 MEIRRFZE
1.3.1 FiMgmlz

TR e K B 22 10 3870 (texture profile analysis,
TPA) MEREE, AT Ui FIVE RS, A b AR (1AL
BROAER & P, SRR AT 2 HFE. TPA ik
SR PETEHEA 0.5 mmy/s, MHREE 0.5 movs, )5
0.5 mm/s; B E: 50%; {EWINTE: 3s; SRR
B H, RERIR10 NFES, DAY | A3 dhs, Kbk
A R, BOPIME, e s N LR,

1.3.2 REMEER

I 4 kg WA B IAEAS T T, AR AR 1 A
N Ny WITEIRTE 4~5 K, b B ks o2, THE
Ny REEWIEREA P (%) o

P:[ﬂjxloo%o (D
N

m

1.3.3 #£ux

FEE LIRS 2 1 kg BERET JAE LSBT 5
1.3.4 AokEqx

225 GB/T 5009.3-2010 £ i %4 [F K pr vl 2K
Y E Tk BRI T S KRR R, PIF T E
R A5 4 MRIEFIR ] BAS RS S AR, DIGIRG
ERREHEAT /K 200 5E
1.3.5 ARFRIFRE

HIIA ZEAR T IER ., FREMZE N 15~

21 mm. A2 CRF B RIRMKED b 45~64 mm, o
EWIR, IR, FRHFEN M, (kg) 5 ARTAIR
B, WHREAN M, (kg) , HFERENR (%) .

R:(—:KL—}xum% 2)
M, +M,
1.3.6 ERFRHIE

2:7% DB 469006/T 07-2012 A58 Hbsut, BEMLANE
FER 60 A, LU H IS PR ds KRB/ 1 A% 20 4,
FRE. WEHANEFR G (kg) 5B G, (kg) It
B, DS E(%)RR.

m
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JREFEHE . TREAKR, G RERB S %, 13
mi JTUEEAT IRV 43 o R FH e SRR ff 2 - H8 A5 1AL
&, DI 100 008, G BRI 4] B AR S E R
30 4%, HU T T ARE F R R B K SRR A 38 20
gy o UFHAFIIYA L A, THEINBAR 5y, S KR FIFE
DL B WA 4y . Hp, FEREMZ DR
A0S SR LA R e % D) AR O, A AR DLBRLA
JEFEH R 0.8 (kW-hykg NEAEFEH R TR TR
IRt TR T A A DG, ARG DL 14% 4 B f 5 7K %
B LL100% 0 F 1. DB 469006/T 07-2012 ##HET
FRAERE RSB 2 FR B L 0.9 IR, AR5

FELL 100% 4 et
4=wﬂﬁ} 4
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1.4 REHZE
141 RBHFEILLAE

B R — Pk — & (100C) —50°C T4 12 h—
DAL T — 3 TR — DA IR 8 T4 — 3 SR — i
1.4.2

BRI B 2K 75 04 5. 104 15, 20, 25,
30+ 35 1 40 min Ji7, 43 W0 HCAGE R R0 L v 26
1.4.3  FIRIBE AT IRET 8] 69 74 52

B R W K % 3% 20 min, Wi T, BERIE 2.7t
T 12 h WIREBEE N 50°C, $EEH 5N RH N 40%;
T 12 h J54394E 500 554 60+ 65 A1 70°C 41 itk
17, MG RH Ny 25%. & 7 h F BB TR e —x
VIR B KE, SPATI 3~5 WK, BCTPIME. BrilsEmss
TN 18%2%I, A5F 1 T4, 0 TR i A
1. 4.4 BEREERR

T 12 h WIRJEBEE A 50°C, #EEHE NS RH
h40%; T 12 h G HGE TR R RCE R 65°C, FGE M
WS RH R 25%, 3k 205008 2.704 3.15. 3.60 Fl
4.05 t, TEEFRIANE, BEEIRIS KR, MEKEHEE
18%+2%I0, 455 b5, Wl a3, WA R,
1.4.5 EXiKE

TH 12 h WIRE R E A 50°C, IR N TR
RH J 40%; T4 12 h 5, #EEHE 5 W2 RH N 25%,
WEPE AN IA) . TR B . TR R R R 4 NN
FRATIERZ R & vk, A I3 K, KN
B :, DAIF SR e 5] BE L & 7K 6 F0 B4 T 5 6
Wi i I 28 G VA VE N VR B A, 1 0 P I T4 1 B A
T2, ERRBEH KA LEHIERE, HZEAKTF W
* 1,

1 EXTRBERKER LG

Table 1  Factors and levels of orthogonal experiment Lo(3*)

KT T pifL I ] Ay TN IR)
Level Dry temperature  Cooking time Loading capacity Drying time
AI'C B/min Cht D/h
1 55 10 2.7 84
2 60 15 3.1 96
3 65 20 3.5 108

1.4.6 FRAZAN

FRARAG ) T2 T A, 25°CIeg 30 d Ji, BURRi%
Hh [ A AR 2 BEA = SR Py, SRR T A K
KR B RR. RIFTE. KWBERE. B RO B0 RS
HEATATI
147 REFEH RN

KPR TR T ETIRAEN, S LT85
EMZER TR AT LA, T340 96 h, X
TR, FKEL REREN S T 95,

TR BOERBEE SR 3.5 ¢, W 15 min, 3
T 14 AN b, B TYRE 025 t RS TR
TP 2T, BB EEsR 3.5¢, b 15 min,
ST AR b, IR E R 65°C, AT TR,

1.5 HUEALERZE

K JH Origin8.0 /&, KJH SPSS Statistics 18 X}
S RMATSHIAM L G 8T, BEMKE (P<0.05) .
R HEE 3~5 K, 4R LFE EArEE LR,

2 FER5HMh

2.1 E bR (8] 3T AEHE R E A 520

MRS R A AT R EMEdEEH 3
AMER, — R LIRS R B IS, K RS
i, TIEMORA LG, ATAERR AL gAY, R R
Mo &Y P28 ) n DU B R T AE R, 28280
A, ARG, AR S0 s . &
T N PR X8 52 T e &8 SR DL ] 2, Bl A0 I TR (R S,
R R B P R B A, JE T RRE o AR A L 25 v B[]
910 min P, FHAEREIRGEREG, A 514 N FFF] 358 N;
9 20 min, TG 325 N; Ji bt 2 b i fm) 3 n, A AR
Wil T 2%, Zh 25 min 50058 LT L4210, BEIIED
N A) BB B 45 THIAE 10~25 min. AEHE SR 355 1 P4 R AR T
WA AR, 52T S LU A B s BRI T AR ) 5
B2/ P g e Y SR e SD VAR == i A1 i <) 1 S
S 0 N [AD0 S8 I 74 e R s, b I, L
%R Z . & 10 min FHRE RN 1%; Hb
20 min, WK N 2%; &b 25 min, HFWIE RN
4%; 15 40 min B, RHFEHEE LR 8%. ZrEHE
2 L 3, AR o AR R AL /N [ s SR8 i v 241K
R, R LA 15 min 4 H

© 10 -
550 =10
Q
2 500 " I
£ 450 £ 6f
2 =
= g &
2 =E 4l
5 400 Es
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B - S
—i—4j. Q
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kI (1) Boiling time/min
B2 A I AR AR
B 0 Y
Fig.2 Effects of boiling
time on hardness of pedicel

BB M) Boiling time/min
B3 A ARAR
BB E Y
Fig.3 Effects of boiling time on
deciduous ratio of pedicel

2.2 THREE K TIRE B3R T RSR a0
TR SEANTR], AT S KRR B I A
Zr (E4) o NE 4 TUEL, ETH 20 h 2N, #i
AR N, XS IR RIS . T
77h 5, YRR A 70°CH, YREEA KL 15.89%,
M TSN SOCHF, WIEEFKEN 46.1%, MMELF
R PRI 57K 15.89%, T A ZEIE K 3] 120 h LA
o ZR RV GYT B K AE R T SR S R IR
FEE BRI T, & /KFN 18%IKIAERE T 5L 1 &
SRR, I R N . TR, BRI KRR 18%+2%
B, NAF TR BT, TR, TR
G, ReREm: TR, TR R, (T
A e, AHIGESTRK, TAEATR e, HA R A E
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BEARINT, HET PRl AE LA F] 70°C . #i T4 B DL 60~
65°C, THEESIHILL 90 h B, IEECWITUR AR
TR AT T T HR B B, AT BT B, TR
U S A ) T A S R, LT IR R B T B
FERTH R X ARG WS R 2. HED 5
PEI AT e S AR AT FAHE T, TR BCEAS, HERVUE,
IR ZERNG, TR TG MR B, AR D,
IROYZEICR, T JRI [R] W] S 46 ke

it /8 Temperature/ C

I K
Moisture content/%
wn
(=]

10

0 2l0 4l0 6.0 8.0 l(l)O 1l20 14‘10
45 ] Drying time/h
B 4 AR R R T HRE A T R ] 4k
Fig.4 Moisture content of different temperature and time
of betel nut

2.3 IEMREHEX TIEMRNENT

M 2 LU 8 ol 2.70 ¢ I, B4 B FE FL AL
095 (kW-h)/kg: Hi#iE 3.15 t i, L7 R EFEHRECY
0.87 (kW-h)kg, %3 E N 4.05t I, FAFEFEHEEA
1.02 (kW-h)/kg, FEHEZRWE (P<0.01) , BLHIKEAS
RGN EHE R TR BERE . AN R AT T
i, BEAE TR AR, Hf AN K S A AT P 22 57
Bed N 2.70 t, THEIS TN 84 h, TR /KE N 17.44%,
RN 94.9%; Hegkimh 3.15t, THRIIEG 84 h, +
REKFEN 18.05%, UFRAEN 96.1%; FHE N 3.60 t,
TR TR A 91 h, T RS KA 18.54%, 1 R %H 96.5%.
W SR AT B T AR N, HERE R, BEE
HOR, BUEMERRT R U e B 2l A 3G n
A RN 4.05 ¢, BT B o R, g
I (]I A2 E KR 120 h, F7KHAN 22.62%, R WE, 4
RAEH 91.6%, 1 4 NEEEE T IRAL, IR O A2
JE B R BEAR AS A AR 2 |, B3R AE 2.70~3.60 t
YO, THRETEALE 91 h N, Al 2E =2, s+
REKEG S, RS, FRE.

=2 BEAREZET FEHEUR

Table 2 Drying effects of different loading capacity

FRAERE LR

o et T : : k%

75 Loadi . Power consumption ~ Ratio of .

oading  Drying . b . Moisture

No. it time/h of dried fruit/ good dried content/%

(kW-h)-kg™! fruit/%

1 2.7 84 0.95+0.09 949423 17.44+1.2

2 3.15 84 0.87+0.08 96.141.8  18.05+0.8

3 3.6 91 0.93+0.09 96.5+¢1.2  18.54%1.0

4 4.05 120 1.02+0.07 91.6£2.4  22.62+1.1

VE: ZUBISIE) 15 min, B 12 h THERLEEHR 50°C, 120 RLEA 65°C.
Note: Boiling time 15 min, dry temperature was 50°C before 12 h, dry
temperature was 65°C after 12 h.

2.4 EXREME

3 ONIERRIG LR, & 3 wla, Al A &
M A3B,CsDy, BRI N 65°C, ZEWASIE A 15 min.
Re N 3.5 t, RIS 96 he R 4 R IEASIREG 7 %
SNG4 AL, RMLEE VR I IR R B IK
ST > B I ) > Tl ) 0] > e gl i, 4 MR ZE AR
WV 65 AT B . LU, IR EIEAT A
SR P KRB AT T B 7K 16.80%, I AL %60 96.0%,
FRIEEN 91.0%, AR FEHETY 0.92 (kW-h)/kg,
ZREVE N 90.1 J7.

x3 EXRERITRER
Table 3 Orthogonal experimental design and result

THEEELE ORI R TR

A B C D Sscore
1 1 1 1 1 65.7£2.1
2 1 2 2 2 80.6+£2.3
3 1 3 3 3 70.3+1.4
4 2 1 2 3 82.6+1.1
5 2 2 3 1 83.4+0.8
6 2 3 1 2 79.7£1.9
7 3 1 3 2 89.2+1.7
8 3 2 1 3 87.6x£1.4
9 3 3 2 1 75.7£2.3
K 216.6 237.5 238.3 224.8
K, 245.7 251.6 238.9 249.5
K3 252.5 225.7 242.9 240.5
WZE R 35.9 259 4.6 24.7
BALIKT As B, Cs D,

x4 EXAREERAEDH

Table 4 Variance analysis of orthogonal test results

BT fg O

P QU] Moan FfH WM
Source Sum of squares  df F values Sig.
’ square
s 1 AL TR
FIEBUR 1 426.507a 8 178.31 58.96 0

Corrected model

#RUE Intercept 170 360.67 1 170360.67 5633482 0
Jregs
TR 729.68 2 364.84 120.65 0
Dry temperature
ﬁyﬂ‘yﬁﬂ'l!ﬂ 334.56 2 167.28 55.32 0
Cooking time
T
il 48.69 2 24.34 8.05 0.003
Loading capacity
$*;EET.IEH 313.58 2 156.79 51.85 0
Drying time
%7 Error 54.43 18 3.024
& Total 171 841.61 27
KIE &

1480.94 26
Total of Correct

R*=0.963 R? adjust =0.947
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2.5 IEHPFREMLER

F AR AT IR AR T 25°C N g 30 d, I
BRI CHEA, B s, /AN 25 S n
L5, FIAERRM TANVEEK, 5K 20% L0 M &
¥, W 30 d AT REKEN 17.8%, ARG
Wo $%I8 GB 2762-2012 b2t 4 B S bRk i b5 e
YIRTE, R S nTCUE AR TR SR IR, B
A& I EFa bR Va N o 4% GB16325-2005 -4 £
TPAERRAE, BOR BB . e E Y IR
Fe KImsEEEEca s, B i B0 14 GB 478915-2010
T dh 2 A E EARME, 13 S E ) A 00 B B R RT3
SERL, SZIIE N 30 cfu/g, /NT 100 cfu/g.

#zS5 ETFRENERR
Table 5 Test results of dried betel nuts

iR GEAN fabriuE SME 45k
Indexes of test Index ranges Measured value Conclusion
7K Moisture content/% <20 17.8 &
Hg/(mgkg™) <0.01 - &
Pb/(mg-kg™) <02 0.02 &
As/(mgkg™) <05 0.1 H%
29T Benzopyrene/(ug-kg™") <5 - Bk
PNIZLRHE
Number of coliform group/ <30 <30 i
(cfug™)
FHJFTE Pathogenic bacteria - - s
AT 14 Mould count/(cfu-g™) <100 30 H

Ee: “-7 SRR .

Note: “-*“ Means the index was undetected.

2.6 ARETFHEAXLE

6 SEMEMP R T T 2RV TR g L T
B 3 Rl U BT R A, feRE. TR TR.
FErL AN 0.90 J0/(kW-h), KKK 0.7 Ji/kg. HE 6
AA, AT R A RURE R, FHE, T g 789K
TS W AR R Bk g, PRI KL CO,s
A SEHE TG T R R e i B O, e A — I
CO,. &L ), HHTBGE /AN T 2870 T b e
TR o AR TN ZE VTR R R SE L T MU, 34
bbb s N, BT 578008 2B/~ 1 kg T
TAREH P, HEE TN 0.83 J6, 2V T4 0.05 JC;
PRI ZEVCT R T = i 2L I 2 RN
T2 o T A 2y 9 2 1.83. 2.04 F1 3.61 G, T
PRI AR, LRV TIREAE 1%, g Ty
KEAML 50%. TMIE TR B8 E A
THEA L W B 22 5 (P>0.05) , E¥m T LT85
L (P<0.05) o #MAETLEMTREKENL 16.8%, W
TR TR L T T R A KR, BB
AR T ] DL T8 s (R AR NV B, AR T 7K 40 1
PO HEH o Z8 VTR b T RS e 4 o A S AR
M, PR K oy 78 R FHE tH k02, BRI TR K R,
TRELE B AT FE M EF KR, FEE DK
T 1]

*k6 ARTFEAXILER
Table 6 Comparison of different drying ways

b s AT R L
ER LN
. Heat pump Steam Furnace
Comparative index X . .
drying drying drying
BT o0 T ke 2
FTHTRAAR 0.83 0.05 0
Power cost per kg dried fruit/Jc
i T T LT
lﬂ?ﬁ?;kﬂkﬁ%_ B 081 168
Coal cost per kg dried fruit/Jc
3 CT LR o
BTRTREALR 1.00 1.18 1.93
Labour cost per kg dried fruit/Jc
BT Total cost/ TG 1.83 2.04 3.61
I 2 Ratio of good fruit/% 96.0 95.6 94.2
Y451 )% Uniformity/% 91.0 91.2 89.5
/K& Moisture content/% 16.8 18.1 20.4
75 eHEK Pollution emission/m’ 0 8~10 4~6
3 & it

D BRI R T, RIT R T8, TR
A NS AR e, ANREi . ZPBERR T 10 min,
IEABNEAL B I, ZWE AR (KT 20 min) , R
F VA RO 3G, ARSI TR A 15 min R B

2) KHMETHRTE, Wil EE AL NEIER
WAL, 198 TSR TN RE TS, B B
MR 3 Wk K 252 15 min, BT 12 h N TR 4 50°C,
PEE A MGG E A 40%, 12 h J5 TR 65°C .
Bokloh 3.5 t« MRS SARRE R 25%00), Tk
TS KEN 16.8%, FHREN 96.0%, ¥IEIEH
91.0%, FEHLEA 0.92 (kW-h)/kg.

30 2B HREA T FE R T R A, A S s
25°C M #Rk 30 d TARICHFIMG I, A RHBIE A (1%
K, FIKE 17.8%.

4) PEETEHAE AR5, B8, 24
T TR AR AN S T SR . R RIR
T LI RAAR 1%, ARG Ly T 2 AR 50%,
PIE Wl R Z NI 5 B 5 2R TR U AR S 0 W (B 22
(P>0.05) , H¥JE TG L TEREGRE (P<0.05) .

(& % x #]

(11 EFb B, W, 55 i BEAR AR A IR
HZ ). T ARARAR:, 2013(15): 207—209
Wang Dan, Pang Yuxin, Hu Xuan, et al. Development and
motivation analysis of areca planting industry in Hainan
province[J]. Guangdong Agricultural Sciences, 2013(15):
207—2009. (in Chinese with English abstract)

[2] Sk, FF06, Bt A IERIMEARAE 4 P2y Rk
FEILRIIFT]. P E 2GR, 2005, 40(6): 460—462.
Zhang Junqing, Fu Naiguang, Lai Weiyong, et al. Study on
the content of organochlorine pesticide residue of Areca
catechu, Alpinia oxyphylla, Myristica fragrans and Eugenia
caryophyllata[J]. Chin Parm J, 2005, 40(6): 460—462. (in
Chinese with English abstract)

[3]1 MG, H%, HEREE, S WX E HARRR AT
WEFE[)]. S EE2:, 2011, 18(7): 1218—1222.

Xiao Fuyuau, Yuan Sheng, Gui Zhuojia, et al.
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[14]

Epidemiological study of edible betel nut in hunan[J].
Practical Preventive Medicine, 2011, 18(7): 1218 —1222. (in
Chinese with English abstract)

VEFE, D58, WIS, S B AR N T 2 4 KU DT
MWFFCE ). frhl DAERHE, 2012(5): 388—390.

Xu Dan, Liu Fang, Shen Yanhao, et al. Research progress in
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processing[J]. Science and Technology of Food Industry,
2012(50): 388—390. (in Chinese with English abstract)

HE, K, SR, S5 BERRTRALF AR TR T2 A
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Huang Wenfang, Chen Lijun, Ye Lichun, et al. Optimization
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Technologic parameter optimization in pilot-scale process of heat pump
drying of Areca catechu L.

Zhang Ronghu?, Gao Yuanneng?, Feng Jiancheng?, Xie Hui',
Deng Hao!, Zhuang Guanghui', Dou Zhihao'*
(1. Institute of Processing & Design of Agroproducts, Hainan Academy of Agricultural Science, Haikou 571100, China;

2. Hainan Quanneng Energy Co. Ltd, Wanning 571500, China;
3. College of Materials and Chemical Engineering, Hainan University, Haikou 570228, China)

Abstract: Areca catechu L. belongs to perennial aiphyllium of palmae. It has very high medicinal value and is regarded as the
first one of 4 kinds of the south medicines in China. Areca catechu L. abounds in Hainan, 10% for fresh food, more than 90%
dried for further processing, Areca catechu L. drying has become the important processing industry in Hainan, the annual
output of dried betel nut is about 200 000 t, and the annual output value is more than 10 billion yuan. For the Areca catechu L.
drying, there are hot air drying and vacuum freeze drying, which have not been applied in production because of the limitation
of experimental conditions and equipments, and the traditional furnace drying, steam drying and heat pump drying are used in
production. The traditional furnace drying is a kind of small workshop processing, and its characteristics of small scale, large
labor intensity and serious pollution are difficult to adapt to the modern agriculture development, so it has been gradually
eliminated. For the steam drying whose heat source is from the burning coal, the characteristic of large scale and high
mechanical strength adapts to the intensive agricultural product processing development, however it is limited because of a lot
of greenhouse gases emitted from burning coal. Only the energy-conservation and environment-protection drying method is
suitable for the Areca catechu L. drying industry’s sustainable and healthy development. The betel nut drying was studied
using the heat pump drying equipment in this paper. The influences of boiling time on betel nut hardness, and drying
temperature and loading capacity on moisture content of dried fruit were analyzed via the single factor experiment. The
technology parameters of heat pump drying were optimized by the orthogonal experiment, and the quality of the dried betel nut
was evaluated using the weighted score method. After 30-day storage, the physical, chemical and microbiological indicators of
the dried fruits were detected, and moreover, the advantages and benefits were analyzed based on the comparison between the
heat pump drying method and the steam drying and traditional drying methods. The optimum drying parameters were: boiling
time of 15 min, initial drying time of 12 h at 50°C, following drying time of 84 h at 65°C, loading capacity of 3.5 t, 25% air
relative humidity of dried room, and 16.8% water content of betel nut. The results showed as follows: the ratio of good dried
fruit was 96%, the uniformity of dried fruit was 91%, the power consumption of dried fruit was 0.92 (kW-h)/kg, the
comprehensive score of dried betel nut quality was 90.1, and the color of dried fruit was either olive yellow or brown. After
30-day storage at 25°C, the dried fruit did not mildew, and the physical and chemical indicators were in the controllable range.
The cost of drying betel nut by heat pump was more economical, 11% lower than that of the steam drying and 50% lower than
that of the traditional drying. The heat pump drying had the advantages of energy saving, low emissions, intelligent operation,
low drying cost and good economic benefit. The research results provide the technical reference for the standardized
processing of the betel fruit with the heat pump drying method.

Keywords: drying; processing; optimization; heat pump; betel nut; weighted score value method
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