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Drying Behavior of Lotus Seeds, and Adhesive Properties of the Flour

Processed in a Rotary Dryer
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(Institute of Applied Chemistry, Jiangxi Academy of Sciences, Nanchang 330096, China)

Abstract: To determine the characteristic behaviors of lotus seeds during drying and assess the quality of the flour produced from dried
lotus seeds using a rotary dryer, lotus seeds with an initial moisture content of ~63% to 10% wet basis (w.b.) were dried at controlled
temperatures of 60, 70, 80, and 90 ‘C with rotational speeds of 0.5, 1, and 1.5 r/min. The adhesive properties of the lotus seed flour were
investigated using a rapid visco-analyzer (RVA). The results indicate that the drying process is prolonged by rotary drying. No constant-rate
drying phase was found. Strong influences of temperature on the drying process were evident (p<0.05). By contrast, rotational speed did not
significantly affect the drying process (»p>0.05). Estimates predicted using the Cavalcanti-Mata model were in good agreement with the
experimental results (R*>0.999, E%<5.00%, RMSE<0.01). The effective moisture diffusivity of lotus seeds was between 3.94x10™'" and
1.00x10° m%s. This increases as drying temperature increased from 60 to 90 °C. The drying process considerably affects the adhesive properties
of the flour obtained. Peak and final viscosities were significantly lower when the lotus seeds were dried at higher drying temperatures. The
corresponding values at 60 C were 1676.33 cP and 2228.00 cP, respectively. Those at 90 C were 1268.00 cP and 1909.33 cP, respectively.
The results suggest that lotus seed microstructures change with drying temperature due to starch gelatinization during rotary drying. The surfaces
of lotus seeds dried at 60 “C are more porous, while more densely packed structures are noted in lotus seeds dried at 90 “C. Lotus seed surfaces
are denser if they are dried at higher temperatures because of changes in their microstructures. Compared to oven drying, rotary drying produces
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lotus seeds with more uniform moisture content, and a maximum variability in moisture content of only 4.59%. This study may aid in

development of high-efficiency and high-quality lotus seed drying techniques and applications of lotus seed flour within the food industry.

Key words: drying; lotus seeds; rotary drying; thermal conduction; adhesive properties; gelatinization; moisture non-uniformity
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Fig.1 Schematic diagram of electric rotary conduction-type
dryer for lotus seeds
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dryer for lotus seeds
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Fig.2 Drying characteristics of lotus seeds with different rotary

drum conduction-type drying conditions
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Table 3 Values of statistical parameters for models

FIERE,LC  “itHdk il
2 3 4 5 6
R 0.9985 0.9826 0.9603 0.9897 0.9997 0.9997
60 E% 4.1221 8.7149 17.1086 7.7544 1.0273 1.0799
RMSE  9.1395¢-03 3.1072¢-02 4.6885¢-02 23917¢-02 4.0270¢-03 4.0625 ¢-03
R 0.9965 0.9842 0.9689 0.9875 0.9999 0.9999
70 E% 83628 7.0374 14.1951 10.0999 0.91820 1.2201
RMSE 14511 e-02 3.1050e-02 4.3526e-02 2.7569¢-02 23563 e-03 2.5078 e-03
R 0.9936 0.9817 0.9689 0.9838 0.9996 0.9996
80 E% 11.2445 6.8343 12.0295 11.4070 2.3207 2.5675
RMSE  2.0425¢-02 3.4492¢-02 4494302 3240602 5.0702¢-03  5.2728¢-03
R 0.9926 0.9874 0.9820 0.9876 0.9999 0.9995
90 E% 13.7742 8.3823 8.4182 10.5621 1.6876 3.6932

RMSE 2.3371e-02  3.0397e-02  3.6393e-02  3.0145e-02  3.1352e-03  6.2554e-03

% 4 Cavalcanti-Mata IRESHSHYY HAEH
Table 4 Coefficients obtained by fitting the Cavalcanti-Mata model and diffusion coefficients

T8 C RESH YA D, g/(m’fs)
al a2 a3 k nl n2 :
60 0.9394 0.1094 -0.04852 0.0105 0.7981 1.3780 3.94x107°
70 0.6997 0.531 -0.2304 0.02844 0.6247 0.6244 5.71x107°
80 0.2829 1.2770 -0.56 0.03256 0.5537 0.5554 7.34x107°
90 0.1539 51.38 -50.83 0.001997 1.203 0.2936 1.00x10°

ETFEFRRDEE, Kb RE A
MISERERICT . JEky. BREUR R TSRS
W TR 30.65%~34.55%. 15.06%~19.29%.
0.35%~1.37%- 29.48~41.48 mg/100 g”*. ZEWpRHGE H

23 ETHREERTHRAET 2R MM



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

LA, EIRE TR VB AR B 2
SRR, REMTRM RS fh dh A R, W
AREE. IR, IR,

2500 g/ 7100
——60
190
2000+ _, 79
g 1500+ ——90 ©
o 170 i
E 1000 | uiz
460
500 | {50
0

0700 200 300 400 500 600 700 800"
AFE] /s
4 RFETFIEREET M RAV HMLHFErhZE
Fig.4 Pasting profiles of lotus seed flour tested on a rapid
visco-analyser
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Fig.5 Microstructure observations of lotus seeds dried at
different drying conditions (x1000)
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Table 5 Pasting properties of flour of lotus seeds dried under different drying conditions

FrAH i :
EAE K /P AR BHE /P FBAL R E /P =) 4 8 /cP J&-{# i 18] /min
40°C 1940.50+11.50°  1820.50+10.50°  120.00+£1.00°  2785.00+25.00°  964.50+14.50° 5.57+0.03¢
60 °C 1676.33454.04°  1599.67+44.97°  76.67+9.45°  2228.00+111.37°  628.33+66.52° 6.40+0.08°
70 °C 1541.33£3630°  1482.00426.66°  59.33£9.81°  2058.33+51.83°  576.33+25.54° 6.5820.10°
80 °C 1469.0049.85¢  1433.00+10.82¢  36.0045.29  2022.67+34.24°  589.67+24.42° 6.78+0.17"
90 °C 1268.00+29.72¢ - - 1909.33+5.51¢ - -

E RPHMRRPHEATEE; ANET A R FEHYERTARFRER (p>05); REALEHH.

AHEL 40 CIRIE T4, 60 70. 80 ‘CH:fET/sE
TFHIEAEHEEERK, H=F2RLREEES
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15K, R B B R L T (VR
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A DME N — RS b R I AL A R T BN I 2152
T Ak R

5 AR TR RE TG K. 60 TH
TR, ETRIEINGIA . 2L, Bk
ik ke, TBREMTAT I (B Sa). BEEFE TR
IRETTE A 704 80 °C, FETRIMANNLIEIBRGE /N 451
AREE, o IR R BRRCRES, I 454
(K& 5by & 50). XEWRETERIRAE TR, R

189



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

e, FFZBTCHA AR, PBECE TRk,
PSRRI o Fefal THEIRETH 22 90 °C, S5 ekt
RISM AL ERRSOR, FLA R, R ASHARS EnEcE
(B 5d). T TR, ETWERKD . Bl
e PR BIIAE SR PR O T B . 0
TR RER BRACIR LN, A& KIS
TR, SETIER KBRS IR, SRRk
RAE T ANFIREEEHIIEEY . 3 I S Tk 5 R
FI JRREEE IRt — P AA B MBI R
B, A R IR ARG TSR, P S R
XA IR A A TR T o R B AR
A

24 TRTHAEHER

TR SRV T i . TREARS T
S AEESH. TR S FEC R R
SRR A TR ARAERER N, X ISR S
BEE SR —H KN, SR TR
BRGNS N A Y F 6 ATLLE
HET R TR B T T R A E TR S
Ko WAEFRTEE L. NE VP KEAEEE, )
B L. NEETFTEANS . 2SR ERME
N 7.58%, FEEIKEWRERIEN 8.65%. FHELME
TR, ZISARF TR R R, TR E TR
TR TIEASL S B RE BN, BRI ERIER
4.59%, XEMEETTHRE . X2 B,
IR A B Bl IRIBAE R T E TS s,
BEIN T T AR, 2 IS TR

&6 TRAHYSIER

Table 6 Comparison of moisture nonuniformity between oven drying and rotary drum conduction-type drying

R nin _ 70 °CHFEFE F fﬂ”lﬁ: _70 CCHE TR
X /% Ax, /% X /% Ax, /% X /% Ax, /%
60 53.75 6.63 57.48 428 50.14 248
180 40.20 7.57 44.71 7.82 36.47 421
300 24.56 5.82 28.90 8.65 25.35 4.59
420 15.86 4.62 17.96 6.91 15.70 3.86

E: AT x ATHAKE, MREATRAYGE; Tt b OAAFANBATREE, TE, TiriritdFi

3 4hip
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W, SE TR SRR T TIRA SIS (RE
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FEEEE L K (p<0.05). 60 CHEMET-HRSE T
AR HURAELRGRE . 2R ST I0N 1676.33. 2228.00
cP, 90 CHAETH)5, HAE 710 1268.00 cP. 1909.33
cP. ERELFEITIRG, YE Tk ERE R, i
. PrETYIRE 3, AR RARE.
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