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Abstract: [Objective] The effects of hot air-vacuum freeze combined with drying (HA-VFCD) on the physical properties and

prebiotic activities of high-quality brittle dried longan were investigated in the present study, so as to provide a theoretical basis for

the optimal industrialized energy-saving drying mode. [Method] In present study, the effect of HA-VFCD on the physicochemical

and nutritional characteristics, such as moisture content, water activity, shrinkage rate, water rehydration ratio, total sugar and

polysaccharide contents of brittle dried longan, were compared with that of individual hot air drying (HAD) and vacuum freeze
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drying (VFD) longan samples. The flavor substance changes and the energy consumption were also evaluated by GC-MS and
ammeter, respectively. Furthermore, the dried longan was fermented by Lactobacillus plantarum and Lactobacillus acidophilus to
investigate the content changes of viable bacteria, total sugar, reducing sugar and short-chain fatty acid, thus evaluating the effect of
HA-VFCD on the in vitro prebiotic activities of longan. [Result] Longan dried by HA-VFCD showed significantly lower moisture
content, water activity and shrinkage rate, but higher rehydration ratio, compared with the HAD counterparts. The content of total
sugar, polysaccharide, and the types and amounts of volatile flavor of longan dried by HA-VFCD were lower than those of VFD
samples, but higher than that of HAD counterparts. In addition, HA-VFCD process could save 12.16% of drying time and 25.40% of
unit energy consumption, compared with VFD process. Both Lactobacillus plantarum and Lactobacillus acidophilus could increase
the number of viable bacteria through fermentation of dried longan, which were used the total sugar in dried longan to produce
short-chain fatty acids and to reduce the pH of fermentation broth. And the prebiotic activities of dried longan after fermentation
were remarkably affected by the drying methods and the strain types of bacteria. After fermentation by the Lactobacillus
plantarumfor 48 hours, the viable bacteria number of longan dried by HA-VFCD achieved the highest value of 12.40 Ig cfu/mL,
which was higher than that of HAD, VFD and fresh longan samples. After fermentation by the Lactobacillus acidophilus for 48 hours,
the viable bacteria number of longan dried by HA-VFCD reached 11.84 1g cfu/mL, which was close to that of VFD samples, lower
than HAD samples but higher than that of fresh longan. [Conclusion] The HA-VFCD process combined both the advantages of
HAD and VFD, which could remarkably shorten the drying time, lower the energy consumption, and improve the drying efficiency

and quality of dried longan.
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Table 1 Effect of hot air-vacuum freeze combined with drying on moisture content, moisture activity and shrinkage of longan fruit

TF4475 30 Drying method

JK4r# & Water content (%)

KA Water activity 4455 Shrinkage rate (%)

AT Got air drying 14.53+0.59b
FLEA T4 Vacuum freeze drying 7.46£0.31a
PR-FL AR T 8.02+0.01a

Hot air-vacuum freeze combined drying

0.63+0.01b 76.43+2.13¢
0.41+0.01a 39.21+1.68a
0.42+0.00a 47.25+1.28b

ANRNGFRFRRZER B3 (P<0.05). T Different lowercase letters indicate significant difference (P<<0.05). The same as below
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Different lowercase letters indicate significant difference in rehydration time of the same drying method (P<<0.05); Different capital letters indicate significant
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Fig. 1 Effect of hot air-vacuum freeze combined with drying on rehydration ratio of longan fruit
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Table 2  Effect of hot air-vacuum freeze combined drying on volatile flavor substances of longan

RN T T BRI TR PR FLA VR VRIBE S T
Volatile flavor substances Hot air drying Vacuum freeze drying Hot air-vacuum freeze

combined with drying

Jikes Alkane

— S H ¥t Trichloromethane — 0.75+0.09 0.25+0.04
}+—%¢ Undecane 0.16+0.01 — 0.08+0.01
| =% Dodecane 0.08+0.01 0.52+0.02 0.19+0.13
|+ =% Tridecane — 0.41+0.11 0.20+0.02
|+PU%E Tetradecane 0.06:0.01 0.45+0.00 0.21+0.02
JUHIEFR DU FE 4 e Octamethyl cyclotetrasiloxane — 0.18+0.11 —
f L IR oA 4 5% Decamethyl cyclopentasiloxane 0.44£0.23 1.30+0.30 0.99:+0.04
b = LIRS HE4E B8 Dodecymethyl cyclohexasiloxane 1.05+0.11 1.65+0.11 1.03+0.08
FPU F LR -4 bE Tetradecyclic heptasiloxane 0.69+0.11 0.86+0.06 0.54+0.01
7S ER )4 bE Hexadecyl cycloocsiloxane 0.09+0.11 0.09+0.01 0.13+0.01
IE-FJLkt Nonadecane 0.08+0.01 — —
F )\ LR JURESE SE Octadecymethyl cyclodoxy siloxane — 0.21:£0.02 —
LejE 2 St Total alkane 2.65+0.12 6.42+0.37 3.61£0.25
i 2 Olefin
LI SR VRIR A4 Mixture of basil isomers 0.100.26 15.89+0.86 20.07+4.62
(E)-B-%'#j4%(E)-B-ocimene — 0.36+0.04 0.60+0.11
2 4% Alloocimene — — 0.71£0.19
KA1 Trans carnation — 0.13+0.00 0.10+0.03
W EL}i Cuba ene 0.14+0.02 —
2,6-F3-1,3,5,7-2F U4 2,6-dimethyl-1,3,5,7-octatetracene — — 0.13+001
a—EWeN a—farnesene 0.16+0.02 0.19+0.02
(6E)-7,11- - FHE-3- W FH k- 1,6, 10-+ B =% — 0.28+0.02 0.55+0.07
(6E)-7,11-dimethyl-3-methylene-1,6,10-dodecatriene
2,6 N 2,6-diethylpyrazine — 0.55+0.05 —
2,6~ A J-6-(4- k-3 JRR) XUFR[3.1.1]-Llk-2 -4 — — 0.11£0.03
2,6-dimethyl-6- (4-methyl-3-pentenyl)-bicyclo [3.1.1]hept-2-ene
3,7,11-=F3-1,3,6,10-+ - #%-PU 4 (E,E)-o-farnesene — — 0.16+0.11
4225 B A Total olefin 0.10£0.26 17.50+0.87 22.62+4.96
S Alcohol
(2R,3R)~(-)-2,3- T —I(R,R)-2,3-butanediol 0.39+0.07 — 0.14+0.02
2,3-T [ 2,3-butanediol 0.72+0.24 0.92+0.05 0.14+0.01
JRCUE Cyclohexanol 0.07+0.01 — —
F5 15 Linalool — 2.03+0.34 —
7K Z [ Phenethyl alcohol — 0.37+0.04 —
12 54 & Total alcohol 1.19+0.32 3.32+0.03 0.130.18
5% Ester
JK 1 FF i Methyl salicylate 0.12:0.01 1.53+0.09 —
NG .1 Ethyl palmitate 0.07+0.00 1.05+0.03 0.07+0.02
HH:M2 2 Ethyl laurate — 2.45+0.07 0.04+0.01

JHPR H I Methyl nicotinate — 1.13+0.06 —
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248 2 Continued table 2
R IR AT AR TR - B VRIBE A T
Volatile flavor substances Hot air drying Vacuum freeze drying Hot air-vacuum freeze
combined with drying
2k IR £ Ethyl benzoate — 0.53+0.12 —
PR 2.l Nicotinic acid ethyl ester — 0.28+0.13 —
L% L1 Ethyl acetate — 0.12+0.01 —
(2)-3,7- F3E-2,6-0 4518 F g — 0.20+0.17 —
2,6-octadienoic acid,3,7-dimethyl-, methyl ester
Z&1R £, Ethyl caprate — 0.66+0.06 —
JIAERR H G Methyl laurate — 0.32+0.05 —
{PUER 2.1 Ethyl myristate — 0.76+0.11 —
14-F 35+ Toe R FF I Methyl 14-methylpentadecanoate — 0.18+0.03 —
TR £, Ethyl oleate — 0.10+0.01 —
HE2S 5 & Total ester 0.19+0.01 9.30+0.24 0.11£0.01
%% Aldehyde
T 1% Nonanal 0.12+0.03 0.52+0.13 0.09+0.02
24 Capraldehyde 0.07+0.01 — —
Ji% 25 K 4t Total aldehyde 0.20+0.14 0.52+0.13 0.09+0.02
2 Acid
T N-nonanoic acid 0.07+0.00 — —
25 B Total acids 0.07+0.00 — —

“—PRINAKLME] - indicates no detection

R3 RAR-E=LFHEATRERFIERSESE

Table 3 The content of total sugar and polysaccharide in longan by hot air-vacuum freezing combined with drying

F4:77 20 Drying method

KB Total sugar (mg-g” DW)

%%} Polysaccharide (mg-g”' DW)

Bt JEIR Fresh logan

T4 Hot air drying
AV
PR -FL R

YT Vacuum freeze drying

VRIS 45 Hot air-vacuum freeze combined drying

1.72+0.15a 1.55+0.15a
1.86+0.09a 1.52+0.09a
3.15+0.17¢ 2.76+0.18¢
2.23+0.12b 1.96+0.13b

2.2 AX-BEEAFHEE TR R EES TR
By 220
A [F) R R, AR - AR AT

o R ‘/fﬁ?ﬁé*ﬁé’ﬂ?‘ﬁ%ﬂ#lﬂ 12.16%, 1121 A7 RE

=4

KE 25.40% . IXTIRECE =, (HIL= 5 i ZE . '
DR TR TR, BERER, (H R . $UR-E 2

P URIR G TR B PRI SRR A %f)” T
I T (A R AT REREMRI 1Y L), $Rm T TR (R ) o

AR -BE =00 REK S TR A AR SR B R REFEFN T4 B 8] R 2

Table 4 Effects of hot air - vacuum freezing combined drying on energy consumption and drying time of longan fruit

T3 T8k 2.4 kg JEHRES H] Drying time of 2.4 kg longan (h) FL47 §4FE Unit energy consumption (mj-kg™)
Drying method POATHRME  ERAHNE MR BUUTRME  EUEAUME MR
Hot air drying ~ Vacuum freeze Total time Hot air drying ~ Vacuum freeze Total unit energy
period drying period period drying period consumption
AT Hot air drying 20.00 — 20.00 7.90 — 7.90
FAEA YT Vacuum freeze drying — 74.00 74.00 — 108.09 108.09
P-ZLB R VRIS T4 3.00 62.00 65.00 4.68 75.96 80.64

Hot air-vacuum freeze combined with drying
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2.3 AR-EZRFRESTEMRELRRTEEE

TR SN
2.3.1 VEWHHEE IR F T A IR R

T T AR AR AT B AE K . AL R I ah R
1% 6 h I RACC B AR, AL TIRA, 12 h
WA S, 24 h BV AU R A, R BRI,
48 h LUJE G AR 2 o BUR- LSV VR T R AR
T 48 h JEiE AU K R 2 ik 12.40 1g cfu/mL,

HREE AT (11,14 1g cfw/mL) FIHUR T4
(10.51 lg cfu/mL) , B JRAEAL (8 2-A) . FERR
FUFF B R BB e R ANAN [R) 19 07 SRR T, 48
h RIS RNFGE I SO RIRTE K% 48 h J5 3K
WA B E (13.17 1gcfu/mL) , WEFmTHARS3
Bl PUA-ELFAE TR (11.84 1g cfu/mL) FIFEAA
PR (11.83 1g cfw/mL) 3G UL B & % 57, Bty

A FEWFUNFIR Lactobacillus plantarum
12 |- —0— it AR Fresh logan

IRV B AURAE (B 2-B) o 53R, B+l
MR TR RESE TR ) FUAT IRRIRE TR FUAT 181, (HANIR] T
T RIAN ) - 5 2O B B s AN ] o T m] LASR
e e RS i A= T PR 14 D

2.3.2 EAE MAVIFURT A IR B A I I )
MAE R, SRS RS TR, 24 h JRIHGE TRUE,
JWE A8 b JE s VB I R R AT DU BRI A
48 h JE AT BEIR T SO S %, R R TR
DM [ e Bl S 2y T AR TR 3 (] 3-A0
RETRFLAT R IR FE R A 12 h SR A e B 2 5
12 h LU SOBERRSE T B R B E Y], L g IR ILAT
PR R B ARG R K 48 h ), B e
I AR T 5 IR B 5 S I T A X 2R v I
BRE T, BV TR TR R SR 5 i ) S v T34
WAL R G T (K 3-B) .

g 1" —&— HX T4 Hot air drying ab
3 —8— EA T Vacuum freeze drying a
a2 10| —O— BRIURATIGA T @
ig ; Hot air-vacuum freeze combined drying
g
i g 9 -
o
2
g 8F
>
7L
6 1 1
0 6 12 24 48
14 -

B WERRFLFT A Lactobacillus acidophilus

i AL

Viable counts (lg cfu/mL)

[ 1) Time (min)

AN NG FREOR AR T A A — R T 2257 3 (P<<0.05) o NI

Different lowercase letters indicate significant difference among different drying methods at the same fermentation time (P<<0.05). The same as below

B2 AR-EZLFEETRMERRTFABIEZFEFRHNNTH

Fig. 2 The change of the number of viable bacteria during the fermentation of dried longan fruit by hot air-vacuum freeze combined

with drying
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A TEYFUNFE Lactobacillus plantarum
180 -

140 -

120 -

NUBE Total sugar (mg-mL™")

80 -

60

—O0— Hrff JEHR Fresh logan

—A— XA T4 Hot air drying

—O— FA T Vacuum freeze drying
—O— A -FL A VRIS T

Hot air-vacuum freeze combined drying

190 B WEMRFLF B Lactobacillus acidophilus

170

130

110 *

NUBE Total sugar (mg-mL™")

70

l *
12 24 i

i) Time (min)

ANFNE BRI — T T A R I ) 72 57t (23 (P<<0.05) 5 *R7R [F]— R B IN ) FL A 45 75 2 15 M- BL 8 0 VR A L 22 5 25 (P<<0.05) &

G

Different lowercase letters indicate significant difference of different fermentation time of the same drying method (P<<0.05); * indicate significant difference
between other drying methods and hot air-vacuum freeze combined drying at the same fermentation time (P<<0.05). The same as below

3 AR-AZRFRETHRHLRRTAEIREP BTN

Fig. 3 The change of the total sugar during the fermentation of dried longan fruit by hot air-vacuum freeze combined with drying

2.3.3 TFEAE  AHYTUFT BRIV FR IR B A BE G 5
BB AL AR (B 4) o BEE R AT K,
B UR TR B - B S AR A TR I B IR T 58
JEOREA) S A T HR R AR TR T A
% i 3 DR i A

2.3.4 EHERHBE AT IR R T2
WIFURF B R 9 48 h s 1R 6 e T R AT G 13 £ R 2
Eemr, ARG SO R T2 A PR oA I
PR RN TR ) Fr R 2 K. 4 PR T4
REEFHRE AR T RN R, HOeR IR N
. IE TR, s T RRANE IR & =ik, o, 4
RS AR T2 A 0 4% (148.92 pmol-mL™)
BEMT AR, SESAHTEA Y, PU-ES
AURERS TR R T2 R = AR TR (0.84

pmol-mL™) Fr . ANFTHE IR T4k
B N R SRR IEJRIR & i R (3R
5) .

4 TR SR T 220 R T 1R R I S 3 e AR
e RN AR, HXERILR. NR. ET]R, 1M
FTRRRIE RR & AR, b, BTEERUAN R T4
Ji IR R T2 KW= L SR 1E IR & &G
B2 . BOUX - A VRIS TR A I 1 R AR SR
T2 KW AN (11.35 pmolmL™") . 7T /2
(1.80 pmol'mL™) . F%EE (9.27 pmol'mL™) &
BERTHE, PR, BEAGETE (R 6 .
FAA R T4 77 OB SR T2 08 TR FLAT B I = A 1
FISE R A i 2 e N, HLAS AR RO S AR )
MK

7/
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—o— Hifif JEH Fresh logan  —aA— X145 Hot air drying

—B— HAA T Vacuum freeze drying

—o— PR -ZLEVA RIS T4 Hot air-vacuum freeze combined drying
51 A WIWFLNFE Lactobacillus plantarum

65 -
5

45

25

& 5% Reducing sugars (mg-mL™")

90r
80
70
60
50

d

40
30 *
20 [

& J58E Reducing sugars (mg-mL™")

I 1] Time (min)

4 AR-E=RFRSTRHEZRRTABIZFCRENTN

Fig. 4 The change of the reducing sugars during the fermentation of dried longan fruit by hot air-vacuum freeze combined with drying

F5 AN-ETAFTROLRRTFZENIATEAR 48 h FEEEHRIETL
Table 5 The change of contents of short-chain fatty acids in longan fruits fermented by Lactobacillus plantarum for 48 h by hot
air-vacuum freeze combined drying (umol-mL™)

THTT L1 NI TR ETR FIRIR IERR
Drying method Acetic acid Propionic acid Isobutyric acid N-butyric acid Isovaleric acid Pentanoic acid
B IR Fresh logan 125.92+4.38a 2.68+0.19a 0.68+0.03ab 2.65+0.09a 4.80+2.51a 0.28+0.03a
FUA T4 Hot air drying 163.34+7.82¢ 5.61£1.02b 0.78+0.16b 6.26+0.41c 6.98+0.57ab 0.42+0.02b
AT Vacuum freeze drying 157.89+2.32bc 4.65+0.52b 0.53+0.03a 4.38+0.66b 12.14+0.98b 0.41£0.01ab
PR BRI TR 148.9244.63b 5.9040.75b 0.84::0.07b 3.26+0.24a 8.65+4.66ab 0.42+0.12b

Hot air-vacuum freeze combined drying

F6 AN-ETAFTROLRRTEERIAITEAR 48 h FEEEHRIETL
Table 6 The change of contents of short-chain fatty acids in longan fruits fermented by Lactobacillus acidophilus for 48 h by hot
air-vacuum freeze combined drying (umol-mL™)

T LR IR TR IETHR FH IR 1E %R
Drying method Acetic acid Propionic acid Isobutyric acid N-butyric acid Isovaleric acid Pentanoic acid
Bl JENR Fresh logan 138.18+31.16a 4.41+0.75a 0.74+0.33a 3.38+1.48ab 8.02+0.06ab 0.42+0.04a
FAT#4 Hot air drying 179.08+14.05a 5.47+0.33a 0.85+0.03a 4.64+0.43b 7.60+0.26a 0.60+0.03a
HAVA VT4 Vacuum freeze drying 145.61+24.34a 5.47+0.68a 1.41+0.07a 3.37+0.26ab 7.19+0.24a 0.49+0.09a
P BRI T 177.03+27.10a  11.3542.12b 1.80£0.34b 2.95+0.3% 9.27£1.31b 0.68+0.38a

Hot air-vacuum freeze combined drying
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PR R VRIS TR 46 T B8R TR
P ERIRE A HLER T ILRARCT R TR ek, DALk
I AR T AR R TR i . AR T
PRI T RS 2 FL R ER, KPR, K%
fr o AR R st R R SR PR P S N e 4 2R &5 ) 3
RS, Wi T U Gk, IR A AR R B KA
)5 K A B e B . IR BF PO R WIE AT
PR R I R, SRS T PN SR 3 R T
KA IHGT R I T R — 2, N0 S L P SR B
MG, AFRRABRSE R =0T, FURIRAE, =K
e o RHAWIF T Z B IR TR, TRES
Jah, PHEGRE R B, 5T ARG AR R
m AL, RO BT A, RS TR R
R KDTEERFFLE 0.6 LLR, w] DLA A2 5 L
A E, AT KR,

TEVERNEXIEY ., CHANG 257 AR b4y
EHCRIPE R M RO B M. R k.
M. 2. WRIANEAY) 9 K, SARWIRE R —
o XL R M) oA IR — o LU R T e IR R
Ko HeA ARG S & e i, KO R
W2, 1 S G N R AR A Y A i B, XSS
54528 DVB/CAR/PDMS # BRI ‘e 7" JEHR
T AR S B YR RIS 741%
&5 R — 3 BRI A AT N B TRV R IR N,
KRR BB 0F, DR BL BV R TR T FA T 4%
R M TR 2R o 2000, AT 9 A IR - LS VA
G TR ARRT TR FIAEOR B T 88 2 [R5 AP X
MR RPN G, WRAR T B AR, R, BE
B A IR AL T HOAT R =, SR T
PR TR IR o

AHFE LA [R]85 SRR S0 A FLAT i
FIVE TR FLAT R I R TE R, I I i v P o 2 2
PRI P03t R ESORT 8 20 F BE TR DT BR AT 48 h 5 1B 35 w1, pH
FHEHE & K, UERRIR T RA R s A rg v
EFH UGB A ATIABF R I, B IR 4T R G HE S /N
Al DU R N U TE N IR R AR, BN U
TR R IE A E R, AR,
FEL 22 B %o i T T T £ 24 R R AR U 7= AT B 2 1 5%
Wi, R TR 22 W W A0 2 2 RT3 A ) A0 R Tl 7 A ol
BB, SR BB A PR A A A S B T DT TR L S
1, SHEUKBER pH 5% Y, ALAVIJEH 2602

WFFCR WO R 7 2 0 T LLAe BE R FLAT B A0 Bl 2
BEFLAT R R MG 58 FLRESR e AR SR INTRAN T TR
8 5. HU ST A= 017 A5 2 300 4
NAEFAEEDRIR], AN AL B SCFAL &
M2\ NBRANE T RRIG ™y i, I Aop o sk
sE T H I RENRIT R (1774 . AHMADI P74
PRl a5EZ R RS TRAEENW R, 456
FERTRE AL, BEmu et AiE PE AR . DA,
AN ] 4507 30N JE IR SR ) 2 2R T 2 T e
AR T 05 35 1 2 B A B P AN 454 22 57 T
B et SRR REMA T S P R R, IR
T 10 T R i 2 TR R SR R Y A R R
T RERR AR o [l — T 22 Wi AN ) L 12 A7 18 R A7
FEZES, WANG “CWFFCRM, SAFANRR %
i CRP1 A1 CRP2 S BEAE HEXOECAT AT FUAT B (1 1 5
HANA G (K 2 B BCR AR, RYICEYIR 25
MM A 2250k 25 b, T80T g i 2 bl
SR AR AR 0] 22 W 1) 22 AR T A T e iR
TR FUAT B ATE IR FLAT B R s = 4. pHL
SRS ISR BRI IR AR A K 22 K

4 i

PR EL AR TR I R K o &L K
O3 R4 2 B HAC T A, KB e T
POTHE . B THRIEIRR T M ES R, ZHEE
DA B A R IR 4 J5 b R R B T A R T
B, T TR AR RIS TR IR
A TR AT 1] 12.16%, 1520 5T FERE 25.40%.
UEAh,  AE)FUAT R R I LT B 25 Rl i A i iR T
B RGP R, PR R pH.
MR8 2 AR 8OR 2 87 ORI B R 2R R i K
LA, POR-TUR RIS TGS & T ORI
FLR VR A R, WL B SRR T
BRIFIA] . TLYRERE. B TR AR ST 5 i
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