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Experiment and energy consumption analysis of walnut drum
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Abstract: In order to improve the drying efficiency of hard shell
nut products, a new type of drum catalytic infrared drying equip-
ment was developed in this paper. On the basis of the developed
equipment, the effects of technological parameters on
dehydration rate, color and shell opening rate were investigated.
The drying time, drying curve, drying rate curve and energy con-
sumption of the drum catalytic infrared-hot air drying were com-
pared with that of the single hot air drying. The results showed
that the catalytic infrared temperature, distance and drum rota-

tional speed all had significant influence on drying performance
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and product quality. After drum catalytic infrared pre-drying
9.5 min at the optimal radiation distance of 30 cm, radiation tem-
perature of 450 °C, drum speed of 1.5 r/min and then continuing
to hot air drying 16 h at temperature of 43 ‘C and air speed of
3 m/s, compared with the single hot air drying (20 h), the
drying rate was significantly improved, the drying time was
shortened 19.2% , the energy consumption was saved 11.6%,
and the dried walnut quality was good.
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Figure 1 Drum catalytic infrared drying device
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Figure 2 Moisture content reduction rates and color values of samples under differentcatalytic

infrared radiation distances
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Table 1 Surface temperatures and shell opening rates of
samples under different catalytic infrared radia-

tion distances
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Figure 4 Moisture content reduction rates and color values of samples under different drum rotation speeds
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Table 3 Surface temperatures, catalytic infrared radiation

times and shell opening rates of samples under

different drum rotation speeds
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Table 4 Drying times, shell opening rates and energy consumptions per unit kilogram volume of two drying methods
st LA T BOXT T4 5 FeR/ LLANTHRARAE/ R LABHE/ AT HGERE/ ST HRBERE/
i

g Wl /min BE /L /b % dekgD (K ckg D) (eke D (ke kgD
B — PR TR — 20 20.00 0 0.0 0.0 2 508.4 2 508.4
TR LL 4
RFTAERCELIN .5 16 16.16C y 19.2%) 0 208.0 2.8 2 006.7 2217.5Cy 11.6%)
PR H

ETIRatm kgL o, TR B G AZEE, BFRT
S I B A B P 1 K G 2 R O — A B A R PR o R
NEIZ AR & K A8 A0 3E Y 0l 8 s B R B b s D
b A At B T AR R AP ™ W BT R S — B B R AR
T 1 R T R AOR B AR, B 5 (b T TR T Ak
ZLAM—HR AT 0 ) 00 T M o R ] T B — RO T
DA b 38 56 R BB A 21 T J6T 4 T 20 40 1 A5 0 A 0 3R B
T 08 G SR TE 8 19 5 7E 3 75 JBE 7K 3 48 0 4 8L T R 1 ]
4 [ B R B 1 7 B . 9D ) T AR XU B T AR
e IE vt AL 4536 B A TR Oy L B & T
— TR RS T TR,

2% A4 T, T R O 2T R A Bk R 28R BT
SEMMAEI G, R R R AR RN, SHn—
RTS8 A Ll o VR fR7 48 10 21 40— 38 RUT J 19 T 8 it 1) 4
BT 19.2% REAEIEAR T 11.6% . X2 N EME i
AR T R 11 8 5 A A 20 A0 T A Ak B AR TR
TR B B Y T R HE T R R 43 i R SR K A b
TR EETRL, 5 Atungulu S0V MR GSIE A — B |
I A5 S LE R B ™ W BT R AR R TR BT AR £ A — AR
TR LB — BROXUT R B R BR AR B T TR ] ST 2
THEFE .

3 H5ik

B o} s 5 1R R R XL R A A 0 B TR L BB AE R 1Y
R S R N R VAN - e 1 B A N R AN
bR TR BRI ST, Ak 20 48 B B GR
450 °C JHEH 30 e JRAHE T 1.5 v/ min Ab AT [] 9.5 min)
TG RBRT 10.7% M RS2 K48, b e 55 A RF 1 GRE
43 °C X3# 3 m/s ALHLEFE] 16 b, 5 G H X T4 (20 h)
FLE . T 4558 7 19.2% . REAE AR T 11.6% . B T
WA AR FIF e A TR AF . R E AL LA BT
PR AR — B iE R e e S 2 TR AR A e AT
RERE A ELA BA S 1 3 TS RE A 3, BLAT T I A g
MTAACHET #r {8 . )5 228 X T 1200 5 Bk 10 & 5% dh
JEHEFTIRA SN » LAE— 25 5 5 7= T

£ % 3Lk
(1] SRPE R, Th, 480, 45 BRI B D R s TR 2
ZRARALD]. A0l TR 2, 2016, 32€15): 268-274.

2] E vk, HH R, BE 2, 5. I TR IUR S SR AL D], B
FAHLAL, 2017(4): 29-32.

(3] BT . A [7] 4 75 X A% M il J50 B AS A 40 i s 1 A A 1M ) 5
WA [J]. Ak S H R, 2018, 38(8): 65.

[4] E DI, EIE 00, 2008, % BBk IRZ ST R FRIERT 52 0] &
i 5 HLIK, 2015, 31C6): 60-63.

[5] XUSEHH, RAHI, 8L, 5. 918 b TAEL TR
AWK B B gy Iy 25 0F 58 (9], P R A 4R, 2019, 19CD:
55-64.

[6] Tk &, AARTE, FIRSC, 55, L0Ah T4 7 S 51 i T Rr v iy
[, B SR, 2017, 33(12): 202209, 176.

[7] LIU Yun-hong, MIAO Shuai, WU Jian-ye, et al. Drying characteris-
tics and modeling of vacuum far-infrared radiation drying of flos
lonicerae[J]. Journal of Food Processing and Preservation, 2015, 39
(4): 338-348.

[8) A B, EAE, gk By, 2. {1k =X 40 S i G X 4l % K R 5
MY [3]. #2019, 19€10): 150-156.

[9] NOWAK D, LEWICKI P P. Infrared drying of apple slices[J]. Inno-
vative Food Science & Emerging Technologies, 2004, 5 (3):
353-360.

[10] SAKAT N, HANZAWA T. Applications and advances in far-
infrared heating in Japan [J]. Trends in Food Science &
Technology, 1994, 5(11): 357-362.

[11] GABEL M M, PAN Zhong-1i, AMARATUNGA K S P, et al. Cata-
lytic infrared dehydration of onions[J]. Journal of Food Science,
2006, 71(9): E351-E357.

[12] #OEE, T VL8, PR VL, 55, L0 40 T M AR A HLEE i T o iy
TR G R[] LI R, 2015, 43(10): 1-6.

[13] BR3CHK, 32 5 A, 9N 42, 4. 2041 IR X0 75 Ak B 41 A 1 T
B PR Kb TR W (9] BLAR B BL 4, 2015, 31C6): 224
229, 235.

[14] CHEN Chang, VENKITASAMY C, ZHANG Wei-peng, et al.
Effect of step-down temperature drying on energy consumption
and product quality of walnuts[J]. Journal of Food Enigineering,
2020, 285: 110105.

[15] LEE E H. A review on applications of infrared heating for food
processing in comparison to other industries[J]. Innovative Food
Processing Technologies, 2021(9): 431-455.

[16] AW, B % b AL s RLLAM T 0k R — ZL AR FR K F 6 45 T
B H AR BFSE[D]. BT VLI K ¥, 2014: 27-28.

(T4 % 193 7O



&M | Vol.37, No.5

with egg yolk and egg yolk fractions[J]. Colloids and Surfaces B:
Biointerfaces, 2001, 21(1): 137-147.

[45] MONICA P, TONG W, NURIA A. Characterization of mayonnaise
properties prepared using frozen-thawed egg yolk treated with hy-
drolyzed egg yolk proteins as anti-gelator[J]. Food Hydrocolloids,
2019, 96: 529-536.

[46] 2R ¥ B HORR Fh 8 R RA 0 ORF 3k X0k X8 3 5T 4 1) % 1R [D]. 15X
Bl AR RS, 2018: 54.

[47] CREUSOT N, GRUPPEN H. Enzyme-induced aggregation and ge-
lation of proteins[J]. Biotechnol Adv, 2007, 25(6): 597-601.

(48] VEIMON, 2o, Bde, F . XY HE A OS2 R 0] ' R
$%, 2012, 37(2): 76-80.

[49] frT i, o 4155 . A 09k M Aty g 1oL P 0 98 2 i 0], 2 AR b )2,
2012, 40(32): 15 883-15 885.

[50] B3 F. BENREE A-2 i 4% Dh REVE 2R SO0 A BF 52 (D). B85 1T
K2, 2005: 1.

[51] NIETO-NIETO TV, WANG Yi-xing, OZIMEK L, et al. Effects of
partial hydrolysis on structure and gelling properties of oat
globular proteins [J]. Food Research International, 2014, 55:
418-425.

[52] HOU Yao, ZAHNG Xin-hui. Abstract: Limited hydrolysis of two
soybean protein products with trypsin or neutrase and the impacts
on their solubility, gelation and fat absorption capacity[J]. Biotech-
nology, 2011, 10(2): 190-196.

[53] LOPEZ A, FELLERS C R, POWRIE W D. Enzymatic inhibition of
gelation in frozen egg[J]. Milk and Food Technologe, 1955, 18:
77-84.

[54] NAKAMURA R, TANIGUCHI M, FUKANO T. Heat-induced ge-
lation of hen's egg yolk low density lipoprotein (LDL) dispersion[J].
Journal of Food Science, 1982, 47(5): 1 449-1 453.

[55] AR, BROF I, 5K B, 55, $Aab 31uf i Ak 2R 5 W 20 AR 4 M A
AT E M B B2 e 9], o IR A 22 4R, 2020, 20€10): 105-114,

[56] LRI, WU, # % I, 45, k-4 1 0 % B 3 2R 0 B OB I
5200 (7). £ 5 S LB, 2018, 34(6): 5-9.

[57] YANG Yuan, ZHAO Yan, XU Ming-sheng, et al. Effects of strong
alkali treatment on the physicochemical properties, microstructure,

protein structures, and intermolecular forces in egg yolks, plasma,

KERE EHERRFESMEIRYLEFERARER

and granules[J]. Food Chemistry, 2020, 311: 125998.

[58] Wi IbE . I B2 X 25 3 0 2 0 B 5 S B T AR S R B B R
Wl [D]. ] ARG Al K 2, 2017: 55-62.

[59] R4, ¢ E B . EE BRIV L BER RO R 9] &7 fom
T« 54T, 2011C12): 89,

[60] PARASKEVOPOULOU A, KIOSSEOGLOU V. Texture profile a-
nalysis of heat-formed gels and cakes prepared with low
cholesterol egg yolk concentrates [J]. Journal of Food Science,
1997, 62(1): 208-211.

[61] JAAX S, TRAVNICEK D. The effect of pasteurization selected ad-
ditives and freezing rate on the gelation of frozen defrosted egg
yolk[J]. Poultry Science, 1968, 47(3): 1 013-1 022.

[62] LOPEZ A, FELLERS C R, POWRIE W D. Some factors affecting
gelation of frozen egg yolk[J]. Milk and Food Technology, 1954,
17: 334-340.

[63] WRIB, 54949k, vE /b2, A B0 VR Ik ) F 5 3o 8 B LA 2 i T
A 1 R AR £ R, 2019, 40C17): 331-337.

[64] MONICA P, NURIA C A, TONG W. Effect of freezing and food
additives on the rheological properties of egg yolk [J]. Food
Hydrocolloids, 2020, 98: 105241.

[65] REN Liu-yuan, LIU Jing-yuan, ZHANG Xue-qi, et al. Emulsion,
gelation, physicochemical properties and microstructure of phos-
phorylated and succinylated egg yolk[J]. LWT-Food Science and
Technology, 2020, 131: 109675.

[66] X1k . Al 2 Beph % oK 5228 1 R AR B JS 2 R (D). b st
AR BE, 2018: 39-40.

[67] MA C Y, HARWALKAR V R, POSTE L M, et al. Effect of gamma
irradiation on the physicochemical and functional properties of
frozen liquid egg products[J]. Food Research International, 1993,
26(4): 247-254.

[68] SANG Shang-yuan, CHEN Yu-ting, ZHU Xiao, et al. Effect of egg
yolk lipids on structure and properties of wheat starch in steamed
bread[J]. Journal of Cereal Science, 2019, 86: 77-85.

[69] T 3, X #ife, F — . FOWY N T B T A BF 5 BUR 43 47 0], 12
i Tolk BHE, 2011, 32(2): 393-397, 400.

[70] ™ £k, E I, AIURE, S5, 2 B0 0 BUA 7T HE i (0], o ] o
B 245 B4 A, 2012, 19(3): 106-110.

(L#E% 168 ®)

[17] PAN Zhong-li, SHIH C, MCHUGH T H, et al. Study of banana de-
hydration using sequential infrared radiation heating and freeze-
drying [J]. LWT-Food Science and Technology, 2008, 41 (10):
1 944-1 951.

(18] TR i [, ARAE, BA B, 55 b =X 20 S A BE e 2 428 Bk 2 i
F B BUR B BUT]. 4ol TA22# 41, 2018, 34(24): 299-305.

[19] /M, ST, T TE, 5. VYT S o Bl R T 48 3l ) 2%
BERIF A (9], Aolk T AR AR, 2020, 36(5): 318-324.

[20] sk, M40, A, 5. W@ R A I ol i T R 4
AT BRABEEL[]. Alb TRE2 4, 2011, 27CGE T D1 382-388.

[21] VIDYARTHI S K, EI-MASHAD H M, KHIR R, et al. Tomato
peeling performance under pilot scale catalytic infrared heating[J].
Journal of Food Engineering, 2019, 246: 224-231.

[22] 1. = W BRI RUT B kB HL A% B UL [D]. W] B W] B
LR, 2013: 28-32.

[23] 5K AR S AR XUIER 5 T % 5 2 %t J3 28 A6 BF 5 [D]. BB
PUALA MR K27, 2017: 1521

[24] ATUNGULU G G, TEH H E, WANG Tian-xin, et al. Infrared pre-
drying and dry-dehulling of walnuts for improved processing effi-
ciency and product quality[J]. Applied Engineering in Agriculture,
2013, 29(6): 961-971.

193



