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Abstract: The effects of drying.methods and raw material rdtio on drying characteristics and quality of restructured carrot-potato chips
were investigated using hot air drying (AD), freezing drying (FD), combined hot air and instant controlled pressure drop drying (AD-DIC),
combined freezing drying and instant controlled pressure drop drying (FD-DIC) respectively. The results showed that the hardness and crispness,

glass transition temperature, contents of total sugar-and vitamin C of the restructured chips decreased gradually with the increase of the carrot

ratio \with the same drying mod

the values of ‘@*’, ‘b*’; hardness, total

but the cri:

preparaé of 1

ile the ‘a*’ value, ‘b*’ value and the total carotenoid content increased gradually. Compared with AD or FD,
tent of carotenoid and vitamin C in restructured chips prepared by AD-DIC and FD-DIC were lower
ess‘s higher at the same raw material ratio.AD-DIC and FD-DIC could be used as the appropriate drying methods for
ctured carrot-potato chips in terms of production cost or product quality. High quality of the products prepared by FD-DIC

was achieved at potato-carrot ratio’of 1:1 (7m/m), followed by the ratio of 3:7 (m/m).
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Table 1 Selected formula and drying methods

SURAE (BRHEAT T, mim)

FRRA X - - ~ .
F14 %240 %34 H44 FHs54
AD 10:0 7:3 1:1 3.7 0:10
AD-DIC 10:0 7:3 1:1 3.7 0:10
FD 10:0 7:3 1:1 3:7 0:10
FD-DIC 10:0 7:3 1:1 3:7 0:10

(1) #X T4 (Hot Air Drying, AD): ¥4 ik
T RNHIREBHE AR TRAE P, THRIERSE 70 °C, T4
Zfi i THEKER 7.5822.0% R B, A4, 8.

(2) B S W#IN S ZE N ZE T4 (Combined Hot
Air Drying and Instant Controlled Pressure Drop Drying,
AD-DIC) - H FiAL AT 21 1) FRG B Fr e AERUX 70 °C
FAPHTIE, THRETRES/KE 25.042.0%00
B, RpoK P — B e, TN TN,
AIREE 90 °C, 4V 8] 10 min, S IRAEA 65 °C,
RIS IAY 1h, SREN A e AR godaa g, g
MG SR GRS e 45 31 HLR P P 22 = U
By

(3) EXAHTHE (Freezing Drying, FD): ¥
TR AT 2 PG R 7E-80 C oA M EEAT T,
TR 12 h, BURJE S RIRHAT SR IR T B 18 he 2B
IEN-49 C, HAEL)Y 037 mbar, FERLREN
35C.

(4) AR URIBR A I I s 22 N 7281 (Combined
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Freezing Drying and Instant Controlled pressure Drop
Drying, FD-DIC): HEZFURTHIX FGEARK ik AT
T, BT TR E /KR 2522.0%0, HU, it
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Fig.1 Hot air-drying characteristic curves (a) and hot air drying

rate curves (b) of restructured.chips with di t raw
material ratio
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Table 2 Effects of raw material ratio and drying ye{hods on color value of the restructured chips

futk (L4AFEHE ) L7 K, L* a* b* AE
AD 59.23+1.07* 2.11:0,54° 29.05+1.32° 21.39+1.08°
AD-DIC 62.37+4.52° 2.36+0.19" 26.16+1.94° 18.211.43
100 FD 87.2241.18° 0.19£0.14° 15.26+0.71° 21.34+1.09°
FD-DIC 0.15+0.07° 15.12+0.10° 20.94+0.45°
AD 20.13+0.08" 35.68+0.13" 7.49+0.18
AD-DIC 19.39:+1.34° 34.60+2.25° 8.51+1.57°
73 FD 17.29+0.17° 41.67+0.61° 2221+2.71°
ED-DIC 76.53£0.07° 16.68+0.33° 41.93+0.48 24.76+0.07°
AD 53.48+1.14° 25.43+0.15° 37.23+0.45° 20.41+0.28"
< AD-DIC 49.92+2 49° 23.02+0.55° 34.72+1.13° 2227+1.17°
FD 71.29+0.37° 23.38+0.34° 50.13+0.87° 22.28+0.52°
-DIC 73.20+0.92° 21.23+0.70° 50.500.74° 23.84+0.96°
AD 50.32+0.32° 28.13+0.91° 36.18+0.55° 24.72+0.42°
,{ AD-DIC 45.73+0.46" 27.72+0.59° 32.55+0.85" 27.62+0.81°
r N FD 67.12+0.21° 25.32+1.20° 51.44+1.38° 23.43+0.39°
FD-DIC 68.72+0.99 24.66+1.71° 53.29+1.60° 24.12+0.65"
AD 53.56+0.49" 37.17+0.94° 42.43+0.96" 29.20+0.79°
010 AD-DIC 46.83+0.69" 31.08+1.19° 37.47+0.67° 31.55+0.64
FD 59.35+0.18° 40.15+0.56° 62.48+0.45° 19.69+0.41°
FD-DIC 60.06-0.89° 36.89+0.70° 61.01+1.50° 19.31:£0.24°

E: B HAEAREG AR N B FREATEREE (p<0.05).

PRI T R I E 2 AR . R 2 A
[FIRC LG S5 T407 5 = A Ceism. B
F2mrm, A JERHEC LY AD 5 AD-DIC fifi (a3
A EEEZER (p<0.05), BRIREHE N 10:0

Bic L) AD-DIC ffé v 1) L*{E a™{E L AD e v BME =
HARBLLLR AD i 16 LME o & b*E I L AD-DIC
Jfi b B R, Ui B AN R X T8 A EE . AD-DIC
ffi i AR, AR B E LMK, ATRERFEA
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28 DIC AbBEf) N ZEIL R LU s, RIS D R B Ad AR
Wz, PrUlastfas TR, 1 H SEEREALLE AE
K. [FIFEI AR B EUE R — L RHEC L FD 5
FD-DIC Jfefr B2 0], JSRIRFCL AR . [H
—Mttt T AD. AD-DIC 5 FD. FD-DIC fifg /2 [H]
P EREM ZEROR, FD MEF b AD R Fr B85 B i)
Wth, TR TR AR ok CE R S
N ISz MR T A, prlgadi
THIME W%, WPVRE G, (EFR—FTEy
T, BEEHE MBI LHMERDN, a¥ES b*
EIN, AE [EtEam TR, 2EkmE, SREH
N L EBITNE SN B AE (BN ERE,
FREEZER (p>0.05), HAE., MEAEH, %
Gk M52 .

23 FEHELS TR AT N-TRFL

& M i REFE LR T B9 %

fHZ 3 A%, FD 55 FD-DIC Jfi F 1 T3 8k %458
fIRFE 5.542.0% 28], AD 5 AD-DIC Jiig i T3 57K
BHLE 7.542.0% 7], {E[F—RBCELAA R, 5 AD M
FAHEL, AD-DIC B (Ofs R 2RI A, M

&1 BRIt 7:3 4b, HARABCEL FD-DIC fe
EE FD e b RS /N, BafER. 945 DIC T
i 5 T 28R BRI NRL R 2 R BRI AR, )
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(/N B N LRI ISR, A R R A
B RIARINPIETE, A L A K e A i A
K, MBS D e I I RN, FEA TR
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H3R 3 AT, B TR s A AR s s
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T AD i 5 , XRS5 ER IE K E S KA K.
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WAL, Tl

SRR A IR, Bl R
2|0 B T R B A T BB SR T, TR,

=3 ERERLAMTIEARMNE S IERES Te BRI

Table 3 Effects of raw material ratio and drying methods on hardness, crispness and Tg of the restructured chips
(

Fetb(L4E 4% ) Pl VS o 2) AR E/N WeJE /mm TJ/C
AD 900.98° 14.58+0.26° 0.27+0.01° 59.54+6.55"
100 AD:DIC 6.70:0.68" 6.56+0.36" 0.24+0.02° 52.3243.16*
FD 4.03+0.40° 24.54+1.50° 0.73+0.04° 51.38£1.56"
FD-DIC 3.89+0.30° 17.37+1.10° 0.66+0.06" 50.46+1.38
4 AD 7:17+1.46° 9.00+0.34° 0.55+0.05 49.37+0.81
D-DIC 8.19+1.32° 6.45+0.36" 0.32+0.06" 51.55+1.07*
4.75+0.35° 11.76+0.12¢ 0.59+0.10° 49.21+3.87°
FD-D 3.43+0.54° 7.96+0.35° 0.62+0.02° 46.56+4.72°
AD 6.27+1.59° 5.8140.92° 0.48+0.08" 50.25+1.08
AD-DIC 7.74+0.41° 8.07+0.50° 0.46+0.02° 42.05+1.16°
FD 5.60£0.34° 8.27+0.67° 0.58+0.05° 46.6842.58°
FD-DIC 3.36£0.34° 7.9120.52° 0.39+0.08 47.67+1.95%
AD 9.23+1.53 3.65+0.24° 0.59+0.08™ 16.50+3.17*
AD-DIC 8.91+0.28% 6.28+0.26° 0.53£0.06* 23.8943.71°
3 FD 7.38+0.10° 9.22+0.71¢ 0.68+0.03° 10.59+1.03°
FD-DIC 4.60£0.02° 5.39+0.43° 0.60:£0.04% 26.47+5.20
AD 8.00+1.37* 3.56+0.19° 1.07+0.07° 15.45+6.32%
0:10 AD-DIC 9.310.95" 2.66+0.22° 0.61+0.07* 21.08+2.35°
FD 7.800.50° 3.36+0.18° 1.890.02¢ 9.53+0.53"
FD-DIC 7.90+1.28" 3.3420.14° 1.74+0.12° 13.10+£5.53%

B BAEARE RN B F AT EFRE (p<0.05).
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24 BEHBELEGTRF AT N-THEFL
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AP EFEEEHRAREER (p>0.05), HKH

& MRS ERE BRI, fER— 5
BHICEEA& A, FD M — bl AD JER FOSRIA% 2
T, SR LU 30% 5 40 2 N A A TR
I b s — P X BRI 28918 PR & &
1, TTRESR R AN S ZE N A TR IR B, &
IS N R BR B BIR, IR SRE MRS
BRREP 43 C A RUEREE T N LR nin
Wb, AT AZBREEHERA Ve SRR
EIE MRS R ATEAIE, SRR
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Table 4 Effects of raw material ratio and drying methods on total sugar, total carotenoid and vitamin C.content of th&e;;'uctured

chips

fotb (LAEHF L) mIxX B4 (g100gdb) BEBEHF FE (mg/100gdb) (mg/100 gd.b)

AD 78.79£0.27° 0.1240,05* 16.6243 36"

100 AD-DIC 74.63+0.92° 0.174£0,01° ==y 14.25+2.68°
FD 74.3141.92° 0.09+0.01° 19.00+6.71°

FD-DIC 80.65+0.84° 0.09+0.01° 11.87+3.35°

AD 66.84:+1.43" 2.71+0.36" 14.25+4.03"

AD-DIC 69.38+0.97" < 3.16:0.41° 9.50+4.03*

73 FD 56.34+0.42° 4.600. 14.25+0.01°
FD-DIC 68.72+0.16" 5.7540.28° 9.98+2.02°

AD 58.83+1.90° 5.29+(.74° 14.7240.67*

AD-DIC 4.79+0.40° 10.2140.34%

H FD 12.09+1.00° 15.67+2.01°
FD-DIC 12.07+1.27° 9.50+2.69%

AD 10.47+1.46° 14.25+0.01%

AD-DIC 55.34+1.37" 9.20+1.08" 7.1243.36"

¥ FD 55.20+7.23° 18.55+1.55 16.6243.36"
FD-DIC 50.75+0.28" 15.18+0.58" 8.0742.02°

D 42742 82° 30.82+1.82° 11.87+3.35%

/o AD-DIC 45.60+0.29" 21.68+2.49° 7.12+0.67%
\ FD 30.8044.55° 30.78+0.55 15.20+£1.34°
FD-DIC 42.23+1.49° 28.32+2.93 9.02+0.67*

o

e :ﬂa I BARATENRR N EFHERATEREE (p<0.05).

25 FEHRERS FRTXAHE N-TREL
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AR TP BALR: FEEBEE S b Hofss infL
MUK, BHES S ELBEE] S0%E FLER R, 25
BEE IS b ELBIrsgin, FLBRIZEIAR /N, Horp g
A% N 37 MESMFLIREER 2 . AD-DIC 5
FD-DIC ffifr IO EE A B, X H T4 T
R AR B SRR I RE, RRe T ME 75 TR 3
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Fig.2 Scanning electron microscopy (SEM) of carrot-potato 8 =1 ‘-|
S t : f i |

chips with different raw material ratio prepared by AD X d » 4 B g
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