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Abstract: The shell breaking process of Camellia oleifera fruit relies on drying stress to separate the seeds from the shells.

Shell-breaking experiments were performed to analyze the moisture loss characteristics during shell-breaking caused by drying
stress at different drying temperatures (50, 60, 70, and 80 “C ) and the influence of the shell-breaking process on the quality of cold-
pressed oils. A model for moisture loss characteristics during shell-breaking caused by drying stress was established, and a variable
temperature shell-breaking process was developed. The moisture loss curves of C. oleifera fruit during shell-breaking demonstrated
a decreasing trend, and the moisture loss rate showed a decreasing trend with a ladder pattern, exhibiting an initial acceleration stage,
followed by several nearly constant-rate stages. With the increase in drying temperature, moisture loss curves became steeper, and
the time to reach the endpoint moisture content of 32.00% (w.b.) for C. oleifera was significantly reduced. The newly established
mathematical model with R* =0.999 7 and RMSE <0.428 6% can accurately describe the moisture loss process during the shell-
breaking of C. oleifera fruit caused by drying stress. With increasing shell-breaking temperature, the acid value of the cold-pressing

oil prepared using C. oleifera seeds increased from 0.08 mg/g to 0.39 mg/g. The total color difference value increased from 76.27
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to 83.63, and the crude oil yield decreased from 23.43% to 18.84%. Shell-breaking caused by drying stress at low temperature

improved the quality and crude oil yield of cold-pressed oil from C. oleifera seeds. After variable temperature shell-breaking caused

by drying stress, the shell-breaking and seed-breaking ratios of the C. oleifera fruits were 98.35% and 0%, respectively. The acid

(based on KOH) and peroxide values of the cold-pressing crude oil were 1.00 mg/g and 0.009 9 g/100 g, respectively. The moisture

and volatile matter content was 0.35%, and the crude oil yield was 21.08%. The results of this study will provide reference data for

the optimization of shell-breaking technology.
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Fig.1 Fresh Camellia oleifera fruit, seeds and shells
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fruit during shell breaking
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Table 1 Kinetic models of moisture loss of Camellia oleifera

fruit during shell breaking

B5 AR 2 AR P il Lk 4k
1 Lewis MR=exp(—kt) [21]
2 Page MR=exp(—kt") [22]
3 Henderson and Pabis MR=aexp(—kt) [14]
4 Logarithmic MR=aexp(—kt)+c [23]
5 A MR=exp(—kt")+at —

M2 AT, FTBIBLAL ) R {5 RMSE 184y B {E
0.967 3~0.999 9. 0.239 9%~3.979% i F N AZ{L, X
WA T — S A 30 B P 2 HR A28 5y PSS UL e S SR T4
B 2K . [k 70 °C Page B R 1 (0.999 7).
RMSE A (0.373 2%), a5 M/ T AT g
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Table 2 Result of statistical analyses on modeling of moisture loss

AL 4 AR BE/C AR A REFHR  HFARIRE RMSE/%
50 k=0.002 405 0.987 6 2.496
60 k=0.003 215 0.972 6 3.807
Lewis

70 k=0.003 849 0.967 3 3.979
80 k=0.004 667 0.970 2 3.942
50 £k=0.000 804 1 n=1.193 0.999 6 0.456 2
60 k=0.000 586 3 n=1.318 0.999 8 0.308 8

Page
70 k=0.000 626 8 n=1.358 0.999 7 0.3732
80 k=0.000 890 4 n=1.336 0.999 5 0.515
50 a=1.048 k=0.002 587 0.994 9 1.614
60 a=1.07 £k=0.003 582 0.988 4 2.515

Henderson and Pabis
70 a=1.069 k=0.004 327 0.985 6 2.689
80 a=1.07 k=0.005 218 0.987 3 2.638
50 a=1.365 k=0.001 652 ¢=-0.3417 0.998 6 0.8452
60 a=1.95 k=0.001 461 =-009181 0.997 9 1.08
Logarithmic

70 a=3.097 k=0.001 056 c=-2.068 0.998 1 0.999 5
80 a=2.119 k=0.001 955 c=-1.086 0.997 1 1.297
50 k=0.000 730 4 n=1.218 a=5.268¢-05 0.999 7 0.428 6

. 60 k=0.000 535 4 n=1.347 a=9.157¢-05 0.999 9 0.2399

AR SAEA

70 £k=0.000 613 1 n=1.367 a=5.037¢-05 0.999 7 0.374 9
80 k=0.000 759 8 n=1.395 a=0.000 301 2 0.999 8 0.294 5
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Table 3 Effects of shell-breaking conditions on quality of cold-pressing oil made by Camellia oleifera seeds

FHRIBE/C Les 7 5 /9% B (7 KOH t )(mg/g)
/ a b AE
50 59.33+0.03°  -1.03£0.02° 47.91+0.11° 7627+0.08°  23.43+091° 0.08 +0.01°
60 61.92+0.01° -0.68+0.02° 53.19+0.05"° 81.63+0.03" 21.69+1.92" 0.12+0.01°
70 61.92£0.07°  0.88+0.04°  56.08+0.17° 83.55+0.16'  19.01 £0.21" 0.25+0.03
80 61.75+0.02°  1.58%0.02°  56.38+0.16° 83.63+0.12°  18.84%0.48° 0.39 +0.02°

E: APHMARATHE + AL, BINEAMBRFEHELATLEEMLESF (P>0.05).
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Fig.5 Temperature change inside of Camellia oleifera seed

during shell breaking
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TN 98.35%, T HUkA i 77 2o B 43 55 5 )
FHamd 14 b5, AHMEMSIGCESE G, A
A AR SR A AR AR, BRI (DL KOH 1),
it SEARAE 23 9908 1.00 mg/g, 0.009 9 g/100 g, K473 M
RN 0.35%, il Z N 21.08%. i % 51 i Ff
FRAFEIE . K/NZE S AT RE RS B R . B R . M
SIS o Y AL 8 P p L IR ARSI B N
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6 MR TR NRHE IR ERRES
Fig.6 Camellia oleifera after shell-breaking caused by

drying stress

R4 MERTBRENWHERTHEE., BIFELER
Table 4 The results of shell-breaking ratio and seed-breaking

ratio of Camellia oleifera

M H AR Xk Xk k"
Bk A XN TIREABGE AMRBE  HMBH AT
B 1% 98.35 96.91 95.37 96.97
FEAT B % 0 3.38 427 —

E: — AT LREIE.
3 g

TH 2 S TR R ) R v I R R B A I R S R K
DA b T F2 . PR B v, o R T A
WAL S E R P 8 AN e 2 TP G
Rl 2 AR TR B, HEERERLKZANE
AE T B, BT 26 UM 2 B K 6 32.00% B, SR
T3 5 K R 73.00% [ 25.70%, T A4S KF 1 A
IKZ N 55.60% % 2 33.60%. Hr & 1 2 48 56 2R K A
Y [ MR(a.kn,ty=exp(—kt"y+at] W] DL #E B #5H00AS [H] Wi
FE R A% ST B B KRR (R =0.999 7,
RMSE <0.428 6%). AR T 158 /38 A F T4 e
FORT VM R e o 2 R R T R o B T IR B i UL
ThiE, MK JEH R AN B A 0.08 mg/g & G
£ 039 mg/g, MEZEM 7627 BEWINE 83.63, HiH
KM 23.43% 5 EICE 18.84% . FKH 70 CHH
2 hy 60 CHEVHZ 4 h (FARR TR i T2, WA
ST 98.35%, THIZAAT TLRERYE , YoM S5l R (LA
KOH 1)+ &5 AE 5 514 1.00 mg/g+ 0.009 9 g/100 g,
KT BAE RN 035%, HiZHN 21.08%. Z%WF5E 0]
DAY 2% SR AR N DB R 2 AN & T R AR A
A
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