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Design and Application of Wolfberry Heat Pump Drying System

Zhao Dandan' Peng Yu’ Li Mo’ Ni Yuanying’
(1. College of Bioscience and Bioengineering, Hebei University of Science and Technology, Shijiazhuang 050018, China
2. College of Food Science and Nuitritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Based on the former research on heat pump drying characteristics of wolfberry, a large heat
pump drying room was designed and established, and then 1 000 kg of wolfberry fruit was dried. The
result showed that the heat pump drying room could supply abundant heat and control temperature and
humidity precisely, which could meet the needs of wolfberry drying process. During the drying process,
the temperature was gradually increased and humidity was decreased, it was reasonable to set 1.0 as a
turning point at the drying stage, namely the moisture content could be detected when temperature was
risen to 52°C , if the moisture content on dry basis was higher than 1.0, the set temperature should be
maintained, if the moisture content was arrived at or below 1.0, the temperature could continue to be
risen, the highest temperature was not higher than 64°C. The quality of dried wolfberry in different
positions of heat pump drying room was measured, which showed that the total phenol content was
between (5.92 + 0.3) mg/g and (8.12 + 0. 18) mg/g, the total ketone content was between (70.99 +
1.68) mg/g and (113.88 + 0.26) mg/g, the total phenol content and total ketone content of the samples in
the back of the room were significantly higher than those in the front. From the point of antioxidant properties,
samples in the back of the room had higher - DPPH scavenging activity and ferric ion reducing antioxidant
power than those in the front. Compared with the wolfberry dried in the coal chamber, samples dried by heat
pump drying room had higher overall quality (total phenol, total ketone. + DPPH clearance, iron ion
reduction ability) , and the drying time was reduced by 20% and drying costs was reduced by 19% , hence
heat pump drying process was reasonable and heat pump drying room could be applied to production practice.
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=30.4 kW (1)
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=1.8 kW (4)

0.=0,+0Q, +0Q,=47.92 kW (5)
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k12,5 kW, T2 4 G, 12 & F04, BikS%5
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Tab.1 Parameters of heat pump drying room

e (A
FREZENRS/(mxm xm) 5x3.2%2.6
PR FHIS (B 6) FWR-16 x2/7 (2)
T e TR IR C 75
I EWIBT LR N/ C 10 ~45
B L/ V 380
B il A/ kW 64
B AYIHE/ kW 27
TR 48R (FE AR kg) R134a(19.2)
PG RBLIL S (Fh 2/ B) GKF/7-4 (2)
FAEH RALREE/ (m® -h ') 18 000
AR KBTI R/ kW 2.2
BRI AL 4/ Pa 230

L2 Rmetfid

TR AE T B T B M AR 2 A S i E
7, B B R R T AT 7 5, 8 F I 3t B i A
i, MBI KRN (78.95 £2.05) % , iIX BT HIFC
TACKREARD 2 d,
L3 RKBAFE
1.3.1 FER, AL B

BOBr&EHIAL 1000 kg, LU IE AT, AR5
FE25°C R, i1 3% Na, CO; R 60 s (Tolk 2R )™
W BRUT R 7 KO 3% ), P - BCT-AE 6 51T
B NN BB NE BRI 12 B BE 2 mx
1 m, PR35 4 6. 94 kg/m’
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Fig.1 Pictures of heat pump drying room
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a
X oS TR AR A AR AL b
p— RS M

PRAE S YR T R A RO iR B B AL TR R A
K, HUEBU N R I U6 1 TR AR

(3) S B 5 I E

S SR HERA AR IBORI AT T A B R 1.0 g,
BT 50 mL B0 A 80% F /KR 25 mL,

30°C T HEE 30 min,4°C 10 000 g £5.0> 10 min,
WA BRI, R AT AR 2 W, BT RE TR,
80% HEEZZE 100 mL,

BT 4 5 < SR A Folin — Ciocalteu H(a ik,
TERR A 32 0K 0.8 mL, 43 il A B 10 5 1Y
Folin Mi(7] 4. 0 mL IR 2], A BT 243 80k 10% 1y
Na,CO, %W 6.0 mL YB3 5) o H il T 6 N
2 hJi5, LA 80% HEEMAS X RR, T 765 nm i b
FEHWOERE

DI F IR Z: bRl M £, 1 H 53R o v 1) S
THLATRD L g TR S AR E TR
2R (B i mg/g) .

(4) JEk B £ 5L I

SN HE B - [) S B B O 1

SO PRI 7E < >R ] NaNO,— AL(NO, ) ;— NaOH J
P 4 mL RIBGREE A 10 mL BG4 A
0.4 mL 5% NaNO, /&1, ¥ 47, B 18T 2 v 6 min, Jji
A0.4mL 10% AI(NO,) &, % & F S 6 min,
JA 4% NaOH ¥ 4 mL, 5T RO 15 min, 2248
KEZEFE 10 mL, UL 80% HH [y %of BE, W 4 76
510 nm A RYIROGRE . DL T AR o, 22 i i i
T2, Bt A A SR R D L g A T R A AR Y T
FRT ISR (FALmg/g) .

(5) Bréa 4k (- DPPH {5 B B 1 FHEK 25 1140
AEJT) IR

-DPPH 3% [ fiE 3 i =" . Vi B Pk B 0.04 g
-DPPHH 80% H it 52 25 #| 1 000 mL, B ¥ & K
0. 01 mmol/L 2R Fl 43 506 B 1 3 47 4 b I 7, B
400 pL 4EHGEMA 7 mL - DPPH %3, IR 2] )5 T
T T ROEHRE 30 min, U2 HAE 517 nm 40 AW
BE, D400 w4 80% FfE 5 7 mL - DPPH ¥ )
AT B I BRI AR

I=(A, -A,)/A, x100% (11)
L —ERRE, %
A —XF BEFE R IR
A, —— RN RE R O 2

K 80% HH i IE | A [ ¥ B2 1) Trolox Fg ¥ ¥5
W2 HIbr et 2. AL g ER - DPPH (1 RE ) L&
1 g il HhAH>Y Trolox Y2 se 4 F/n (Fifii:me/g) o

PR B T34 5 ( Ferric reducing ability of power,
FRAP) g J1 50 & 2 I8 ALJADI 26 iF 5% 7 vk,
KRB 38 J5i ik (FRAP) T 5 #F & 19 25 38 i g
I, IR, AR R Fe’ - =g =y
W (‘TPTZ) w] i Rf o i JE 4 A J oy Fe®* i 2 B0
Wi, 3T 593 nm A B R UE , ARIEOEEE it
AP A LTG5S . LA4EA R C AniEd
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W 100 pL 5 4 mL TPTZ TAERAEAH [RS4SR,
M5E 593 nm Ab Y W' BB, 22 il B v il 42, AR R
FRAP (H DA 1 g Tl S P AH Y 4EAE 2R C 12 i 8
FR (7 me/g) .

(6) EEEHE hRpylE

R T ALKy 1 g, It A 30 mL N d (0. 1%
BHT) w7 (360 W) #2115 min, T 2 YK A 148
OB, 72 25 2 100 mL, B 50 mL 42 B0, A 75 22
Bk, Tl Kk dn LAE (40 2 2) CI AT AR
T, FHIE e iR 5% i 01 4% % 2 10 mL 25 s
FEZS o A 50 mL R BOR T 2 2 AL 8% 50 mL 10%
KOH H 3 i i A 2196 4% 50 mL 2 BOA W, TR
5],25C %M N R 24 h, HOL, K BB A
250 mLAr R =F, A 100 mL [ 47 il #7275 1 min
PG HE ) KA B R L R, A
JEANUAE, FIKVE 2 3E k. AP Z A
IR R B 1 0 0 U < 2o 8 K, I8 WA 250 mL
B, T 78 & LAE(40 £2) CRYAM T 78
ZiET, HIE C e i akis 1 5% 7 2 10 mL K &l
HER T T B S MR E . AR
B-#HE N E 10 mg FIE Ot i i i %551 100 mL Y
REAR T EN AR D B-IE N FER
HEVS W, Ay YO0 EE 10 52 7E 450 nm T A & 1 I

JGRE bR M 2, R b SR MRS R
B g Tl n A B-E bR A= W BERR (
fii:mg/g) o

(7) BEEVE Ik

EIBOA SB35 15 (02 MRnt SR AEC W MRS il i g
DB R OGP E A U TR S M A R T
JEPEE , Z8 5 75 TEMAC T bl 9 S UL ORI 1
W53 01 O A5 ) DL R SR R AR 16 43 100
Oy RHPFE ), 0k 2y AR R OB PR3 bR
i

(8) TR RGN B BEFE BRI &

PR30 REREBRIT i 1 S M IR R S
PERE BRI AR
M, G
S = =5 (12)

Lot

L S, ——HN7 REFERRIE &, ke/ (KW -h)
M, —— TR bR 25 17K 4 Tt kg
W, ——RFEH & ,kW-h
P— RG] % kW
(9) HdhlE ot
K Origin 8.0 B {42547 5004 Ak HE K AH 5k o
FA R ER 3 K, R FE I 1 45 SR DLF- 3
(B + bRl 2ERom o

x2 MIETHRNBREITESIRE

Tab.2 Sensory scorecriteria of dried wolfberry

Fehs B 4y Worbri S
AR BRI W AR 5D 15 ~20
JEAR 20 R RGBT SR A, B B 10 ~15
AR BRI ASTE A ., A4 AR AR 0~10
TCHE 53 9~10
ShAE 60 FEBE M L AB L 10 DV HORONE 43 i 5~9
FRONE 43t W 0-~5
% AN S FAR U S AN GRE DR 25 ~30
7% 30 TR ELT SR TR ks A 15 ~25
Hy B TR AR 0~15
RS H 30 ~40
gk 40 SR, AT 20 ~30
SRR BN A S, R TR TR A 0~20

2 HER5®

2.1 FRETRRGMERE
2.1.1 FHENRRE

ARUMIFS TR IE I 32 h, M T2 4% BT
NPT MR TR PR BRI T 15 B T2, I
Rk, HAR T 2480 AR AT LA 2 h Oy —
Be e80T AN AR T 3°C, SR A PR 15l
JE 1 h, e it B2 52°C )5, 18 5 OB 0 F A

P, [T T2E B KR, TR B KR SR 1.0
o, FEARSE T R I, FEAS IR TR A 2 v, 52°C {i
HREBAERE T 6 h, 2 T 5 KR EGA 1.0 1, BEAT
B 2 716 h SRR L 4 h O — B AR
5 1 AS/INIE (83 8 AR P BE T R 4°C ZERF 3 h,
Fer iR BE N 64°C (1 2) . BEiRiRE TES
¥ :40°C (60% ) \43°C (55% ) \46°C (50% ) .49C
(45% ) . 52°C (40% ) . 56°C (35% ) .60°C (30%
25% ) \62°C (25% 20% ) 64°C (15% 10% ) .
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Fig.2 Temperature and humidity of inlet and outlet in heat pump drying room
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Fig.3 Temperature and humidity distributions of back and front in heat pump drying room
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Fig.4 Energy consumption in heat pump drying room
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MR A AR R 1.00 Jo/kg, AHXT TR 4, R
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Fig.5 Condensation and evaporation temperatures in

drying room and temperature in main engine host room
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IR T A A 28 22 427K 43 e IS [E] 24 32 h, 2
6 Fit7n , X 7K1 He S TR Rl 4T Weibull pR£540L
HOITRIRE N 8.44 x 107°, BEEF-F M x* N
0.012 66 ,R*>4 0.994 9, {}iH Weibull p&%A] LA LT
MWL = FHZ MM LR, SR, HEEH a N
13.49 h, |5 38 THERT K 42. 16% JEIRSHB KT 1,
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FEER R O TR AC S FR M0 AL 9 - DPPH 35 R
RS TR R R ) ¥ B2 & TR, A TR=E)E
TR MR R B A SRR ) 2 (R B 2R 5, XU
AT T 2 TR A AT TG 5™ i 5 IR 25 5, 1 s
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Fig.6  Drying kinetics curves of wolfberry
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Tab.3 Comparison of total phenol, total ketone, -DPPH scavenging activity, FARP, total carotene content and

sensory evaluation scores of wolfberry in heat pump drying room with those in coal combustion chamber

- SR/ SN v -DPPH {5 R %/ FARP/ R b RS/ JRE RN
(mg-g™") (mg-g™") % (mg-g™") (mg-g™") By
gl 6.56 +0. 08" 76.93 +7. 89° 3.58 +0.22" 6.97 £0. 06° 2.55+0.09" 80.95 +4. 63"
HirEB ] 5.92 +0.31* 70.99 + 1. 68° 3.01 £0.01° 5.50 +£0.01° 2.77 £0.26" 81.86 +3.25"
e ﬁﬁ%ﬁ?ﬁ@ 7.15 £0. 34¢ 98.91 +2. 18 3.63 0. 11" 7.05 0. 18° 2.76 +0. 02" 82.37 +4.21"
JaR A ih 8.12 +0. 18¢ 97.37 +8.40" 3.80 0. 11" 7.92 +0. 454 2.61 £0.24" 86.53 +5.21°
J& T ] 7.93 £0.07¢ 99. 03 +9. 60" 3.92 +0.01"™ 7.70 £0. 024 2.56 0. 16" 85.76 2. 33"
Ja A 7.74 +£0.03¢ 113. 88 +0. 26° 4.07 +0.26° 7.82 +0.014 2.90 +0. 22" 86.92 +2.58°
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