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Drying Modeling and Comprehensive Quality Analysis of Rosa roxburghii Tratt Fruit
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Abstract: This study aimed to scientifically and reasonably select a practical drying technology for Rosa roxburghii Tratt
fruit that allows minimum quality changes and nutritional losses during the drying process. Hot air drying and far-infrared
drying were comparatively applied to fresh and frozen fruit, and the drying processes were modeled. Meanwhile, the
technique for order preference by similarity to an ideal solution (TOPSIS) and electronic nose technology were applied
respectively to evaluate the comprehensive quality and flavor characteristics of the dried products in order to determine the
optimal drying conditions. The results showed that page model had the highest fitting degree for hot air and far-infrared
drying of fresh fruit and far-infrared drying of frozen fruit, whereas the Diffusion approximation model revealed the best
fitting degree for hot air drying of frozen fruit. The models could describe and predict the drying processes. When frozen
fruit were dried by far-infrared drying at 50 °C, the rehydration rate was 7.41, the browning degree was 0.103, 29.39% of
VC, 39.54% of total phenols, 13.58% of reducing sugar and 11.09% of total flavonoids were lost, and the C, value was 0.958,
which was the closest to the ideal solution; similarly, the flavor of the dried product was the closest to fresh fruit, indicating
that the drying method and drying conditions provided the best comprehensive quality of dried Rosa roxburghii Tratt fruit.
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Tablel Mathematical models for describing thin layer drying
BRFS BRLHE BRI

1 Newton MR=exp (—kt)

2 Midilli and Kucuk MR=aexp (—k") +bt

3 Page MR=exp (—k")

4 Logarithmic MR=b+aexp (—kt)

5 Wang and Sing MR=1+at+b’

6 Hendersnn-Pahis MR=aexp (—kt)

7 Diffusion approximation ~ MR=aexp (—kt) + (1—a) exp (—kat)

8 Quadratic MR=a+bt+cf

9 Cubic MR=a-+bi+cf +df
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Fig. 1  Changes in moisture ratio during hot air drying (A) and
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far-infrared drying (B) of fresh Rosa roxburghii Tratt fruit

LA ED, FEANE BT 07 5 TR 4T,
S B B AR R T 5 T 21 A0 T AR R K 43 bR S [R] ()
KR “S” BB, TIEEATHD, Kok MRS
PRTJE, 2B T8 5 WAL 2 A S HE S 118 W0,
HAYe R Y FUR ST AR S Ee Y, R S T R 2 (A
BIEMKEER, 7E50. 60, 70 CAFT, HIFLEE R K>
RN T R EE 2 TR 45 912, 104 8h, i
L LT AN TR AT TR BT (R 23 A 912, 8.5+ 7 he MHE SR
TR S, LA T4 T YRR WA Ize 21 40 5 22 51 A2 )
B T34, PR AR LR S, XN



50 2020, Vol.41, No.03

B5oiltl F

MIGIOELFE B8 FE R E BB E R B, AR, o
WA PR SR R, R4 MR R, AT SE8
BB T, T, R TS0 C, AR T, ma
GhTHRAT I, TR

212 A THR SRS THA AL BT A

12
1.0
0.8
0.6
0.4
0.2
0.0

A

MR

6 7 8 9 10 I1 12

12 B
1.0
0.8
0.6
0.4
0.2
0.0

——70C
——60 C
——50C

MR

1 1 +
01 2 3 4 5 6 7 8 9 1011
T-HR I 1) /h

H2 #AFR (A) SZEASNTR (B) FETHRERAS HER
Fig.2  Changes in moisture ratio during hot air drying (A) and
far-infrared drying (B) of frozen Rosa roxburghii Tratt fruit
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Fig. 3  Effect of different drying methods on browning degree of

Rosa roxburghii Tratt fruit
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Table2 Mathematical models and fitting results for hot-air drying and
far-infrared drying of fresh Rosa roxburghii Tratt fruit
i BT R
RY BR/C R 7 SSE RMSE K e SSE RMSE

50 0928 000954 0.11448 016132 0957 000529 0.06351 0.13923
Newton 60 0945 000741 007406 0.15729 0954 0.00636 005724 0.15468
700953 000636 005086 0.15830 0956 0.00629 0.04405 0.16197
T 0942 000777 007980 0.15897 0956 0.00598 0.05493 0.15196

50 0969 000420 003782 002231 0.948 000615 005531 0.13450
60 0957 000580 004059 0.3533 0957 0.00557 003339 0.13518
70 0964 000475 002376 0.13087 0973 0.00389 0.01556 0.12487
T 0963 0.00492 003406 012950 0959 000520 0.03475 0.13152

Midilli and
Kucuk

500997 000042 0.00459 007219 0997 0.00043 0.00477 0.07289

Page 60 0998 0.00032 000291 007003 0997 0.00041 0.00329 0.07574
700997 000049 000341 008055  0.999 0.00024 0.00144 0.06887

T8 0997 000041 0.00364 007426 0998 0.00036 0.00317 0.07250

50 0990 0.00156 001556 000960 0.990 0.00154 001538 0.09767
Logarithmic ~ 60 0.987  0.00219 0.01754 0.10973 0987 0.00227 0.01588 0.11226
700993 000120 0.00722 009717 0989 0.00224 001112 0.11481
T 0990  0.00165 001344 007217 0989 000202 0.01413 0.10825

S0 0987 0.00183 002014 010448 0.988 000155 001710 0.10029
W“S“i%g““d 60 0985 000217 001957 0.11277 0989 000166 001329 0.10737
70 0996 000069 000486 000775  0.991 000156 000937 0.11000
T 0989 000156 0.01486 007500 0989 000159 001325 0.10589

S0 0949 000737 008106 014799 0972 000377 004149 012517
He’;ji‘ii““' 60 0961 000576 005180 0.14384 0965 000541 004328 0.14424
70 0962 000598 004187 005078 0964 000591 003547 0.15343
Y 0957 000637 005824 0.14754 0967 0.00503 0.04008 0.14095
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Cubic 60 0993 000141 000986 0.09501 0993 000136 0.00817 009507 700997 000069 000347 0.08090 0994 000151 000602 009848
70 0999 000012 000062 0.05260 0994 0.00142 0.00568 0.09706 T8 0995 0.00983 0.00735 0.08604 0993 0.00153 0.00851 0.09774
T 099 000060 0.00435 007000 0993 0.00134 000834 0.09411
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Table 3

MR ERBRTFRETAITREERBEHDAER
Mathematical models and fitting results for hot-air drying and
far-infrared drying of frozen Rosa roxburghii Tratt fruit

e e AT TN
R BR/C ’ SSE RMSE R 7 SSE RMSE
50 0962 000469 005632 013511 0958 000540 0.05943 0.14253
Newton 60 0971 000376 003764 0.13281 0953 000672 005374 0.16049
70 0981 000259 002007 0.12546 0964 000531 0.03720 0.15527
FHE 0971 000368 003801 013112 0958 000581 0.05012 0.15276
50 0909 001019 009169 05262 0922 0.00926 007406 0.15059
Mﬁ;‘i‘uj‘fd 60 0908 000959 0.06715 0.5348 0947 0.00709 0.03544 0.14463
70 0956 000461 002304 012987 0946 000685 0.02738 0.14382
T 0924 000813 006063 014532 0938 000773 0.04563 0.14635
50 0998 000021 0.00231 006080 0999 0.00014 0.00141 0.05594
Page 60 0999 000005 0.00045 004391 0998 0.00028 000199 0.07040
700999 000016 0.00111 0.06084 0999 0.00005 0.00027 0.04532
i 0999 000014 000129 005518 0.999 000016 0.00122 005722
50 0985 000221 002209 010692 0985 000230 0.02074 0.10955
Logarithmic 60 0988 000198 0.01584 0.10697 0983 0.00363 002018 0.12563
70 099 000103 0.00618 0.09346 0985 0.00317 0.01548 0.12471
T 0989 0.00174 001470 010245 0984 0.00303 001880 0.11996
50 0989 000155 001700 010015 0989 0.00161 001612 0.10286
W“s‘;ﬁgnd 60 099 000089 0.00805 009031 0988 0.00194 001359 0.11381
70 0995 000068 0.00479 0.08769 0993 0.00125 0.00752 0.10411
T 0993 0.00104 000995 009272 099 000160 0.01241 0.10693
50 0974 000357 003925 012345 0970 000422 0.04224 0.13087
”e'l‘,‘;f;””’ 60 0977 000331 002981 012528 0963 000617 004320 0.15197
70 0984 000236 001651 011949 0969 0.00530 0.03180 0.14930
TG 0978 000308 002852 012274 0967 000523 0.03908 0.14405
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Fig.4  Page model fitting of hot air drying of fresh fruit (A), Page

model fitting of far infrared drying of fresh fruit (B), Diffusion
approximation model fitting of hot air drying of frozen fruit (C) and Page
model fitting of far infrared drying of frozen fruit (D)
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Table4 Effects of different drying methods at 50 ‘C on the quality of
fresh and frozen fruit
X X X X, X; X
THAM VCEE  HMGE  LREGE SEBGR

LIS L R L Tt

BELOHA 5754011° 0104200000 59.544£053" 62194097 17114077 11.64£0.14°
B A 6.8320.09" 0.10320.000° 58.15£036" 60.68£0.79 15.59+£036" 10.69£022°
G AR 65420127 0109200000 31414058 49.99+1.02° 15204034 13.15+1.03°
UEEL EAA 74120050 010320.000° 29394046 39.54+£081° 1358055 11.09+0.53°

W FARR NG FRAFR R ZE R EE (P<0.05) .

BHRATT AL, ORI 00 245 R A E0.109, &
ZEF R4 W (P<0.05) . HRZATHRNE
KECEEAT.41, BE ST RN AFEd (P<0.05) . &

RIS TEEVCE R MBURFR D, HN29.39%, HIK
R, SRR TRVCE B REK,
N R AT 12,03 15 . H T By 2R R A T F2
HH BV ERERSS, SRR A S B A
TRE, BAWEMEGZREAD, SEEBEEWD;
AL IE 5 T L AR O IR S R LR, R A
Maillard | 7, & & HFT T, 4 BT sk,
TR LA TR AT S R E (39.54%) AL 5 H
FRBAE (13.58%) &K, HHS5HMI AR RE
(P<0.05) o 374140 T 155 A Wy 5 2k Ji B 1 52 0 /)
THORT I, w2 BN ZE DO L R R [T 4
77 2O I AL S L BRI T S e o R R
TR TS Sk s (13.15%) ,
SHAMAAMLZEREE (P<0.05) , H KA S H
KT (11.64%) , 4512 AR 1 A 6 B3 21 4 T 48
(10.69%) . 25 MZCT%F L 1@ 40 4 T8 5 B T8
S L S T A BRI, R B 40 AT AR B R A = A
REMFHRTSE, SBT3

MG TOPSISYAE A FEA G, H AR Tl 444~
73 20 (1 1) i 25 AN 48 bR 0 A s T EL ) RV Ak b A
H, {5812 B ks sk @ « BARM” XA “ 4 HAR
fR” X, wBCKNHERF, WEAFETH &4 T
(1 i o 22 5

£S5 MIELREIERE

Table 5 Standardized decision matrix
THAM X, X X X X X
BB 04317 05032 03203 04056 04446 04956
B EATA 05128 0.508 1 0.3280 04157 0.488 0 0.5397
HRBA 04910 04801 0.6072 0.5046 0.5004 04387
HR @S 05564 0.508 1 0.6489 0.6380 0.5602 0.5202

AR 40 o) 4 R 5 R AN [R] 08 7 VI AN FR AR T B
AEH VO AL AR AR B (RS, M 75 B 5 b i B AR
i R0 A7 AR AR ) S e PP ) N B 5 1L I o

FERR I B AR CRIBME MR « XT= (0.556 4,
0.508 1, 0.6489, 0.6380, 0.5602, 0.5397)

fabrr) AR (RBEME) « X = (04317,
0.480 1, 0.3203, 0.4056, 0.4446, 0.4387)

P BTG bR B FEAR AR S BRI, TR SRR S &%
M AE A 5 A8 I BE 3 e 5 S B AR R I F2 B G
IR ANATHE Y, HAPCAEEO~ 12 [0, %[z
I 1RIR VP N G e K, BICABRRR, il
m s, HRZ .

MEROT LA, il BLVR SR 20 4h T 18 7 iR CAE N
0.958 0, ST FARME, L 150 CUR RimL i1+
) EEAR R A . IX 5 2 0 A T ) B SR TR
JR A BT R B S TR AL
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XIERBTSE =15
#6 TOPSISH & 4%
Table 6  Results of TOPSIS
TRt D' D™ C, ER/N

fE L HUR 0.4392 0.061 4 0.1227 4
[ SN TR 0.399 4 0.140 0 0.259 5 3

URE #UR 0.1959 0.3142 0.616 0 2
o N AN 0.0195 0.445 3 0.958 0 1
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FL S 0 SR EBORE A 1 U A B R R, A AL
Er I IN A A T B T S I AR R L 22 5. TR,
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TP VR RO L AN T A ot 55 0 SR i R AT PR
S RUBRARFALL 22 578 LU AL, o B i A A% IR AR 5 Bdle k4T 7>
B SREUCREAME AR I B KRR, FRIEREARE 12 %
R 88 5 KM AL ) ~F- 43 L 4% 88 1) s 3 0° 22 S R A7) £ 5 J
L, ERGEIEE, WEsHR.
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T30/1
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BS54RS T R R R IR T B IR S
Fig. 5  Electronic nose fingerprints of four dried products and fresh fruit
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Fig. 6  Principal component analysis of electronic nose data for four
dried products and fresh fruit
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