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1.1 #8l R_FIFLEs
1.1.1 A4

JEHR SRR “AE R, BT RA RRR A B RSB T
Fritfit. BEERIRE SO CHRM TG, ik, g
TR AT, S/KE 13.62%, HEMTIR (4°C) fR-AFE% .
1.1.2 KA L E

FWK (DE=15, LHFERAMRHATRARD, £
4k ¥ (1.33 U/mg, Afluka), RALHE (1.0 U/mg, Afluka),
B-290 Wi% THHl (Hit: Buchi), PAL-1 #7161 (HA
Atago), UV-1700 Z£4Mm] W73t s v CH A Shimadzu),
N-1001 Jight# %1% (HA Eyela), DS-1 HZHHEHL ( F
HERRASHLZY ) K BS124S 9 #7AKF- (4#[H Sartorius).
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1.2 REHZE
12,1 RBRT o Tk B 7 4 B iR 3R B T 2 Ak Ak K58
FREX 20 g JEHR A, A 60 mL 7KiRi0 12 h, FE
TR A REN A RE, BN 180 mL /K, SR BLIRSHEAN 4T 4
FEGPRPE AR, AL 4 01, EI pH (H
o) BEMREE () BEARITA (o) FIEE (x,) 4
AR, NSRS, 3T 4 R 12 KT4E
T2, Kb BRI A W, H 90°C K
30 min, 200 HityEWAEIER, WS THEHEFETEY (total
soluble solids, TSS) % i, DL TSS 5% hfgks, #EATM
H3 4T, A AR BRI T 244 . R R %=
KW 1,

F1 BHHABEAR. KERER

Table 1 Factors, levels and results of uniform experiment design
W N BRIE me CReme  TSSTE
PH fH /C /min Y22 ) %o /%
1 2.5 70 90 1.0/0.25 74.82
2 3 70 120 0.4/0.1 76.23
3 3.5 60 180 1.0/0.25 81.24
4 4 60 210 0.4/0.1 82.69
5 4.5 50 60 1.2/0.3 75.89
6 5 50 120 0.6/0.15 79.61
7 2.5 40 150 1.2/0.3 76.78
8 3 40 210 0.6/0.15 83.20
9 35 30 60 0.8/0.2 78.92
10 4 30 90 0.2/0.05 78.33
11 4.5 20 150 0.8/0.2 68.65
12 5 20 180 0.2/0.05 69.08

1.2.2 RBHFFTHRMIIZLAE

e B RS I — FL k4R (-0.1 kPa, 50°C) — i
By T-HIHEC— ik (50°C) —Miss T-Hp—»Hl— a3,
1.2.3  RBH 5 FTIRER LKL

1 By 508 05 e HR B 19 28 (1) 5% 1

TR B AP ORI = B, IRARE S, A E
HEW T, FRmBh TR AR A 2R
By T3], ZE3RBORIRTE 25%, HUXIRE 180°C, FXHE:
24.50 m*/h, ARHRE 0.20 L/h &0 F, 2092528015
5 RS vl e S e 0.6 11, 0.7 11,
0.8:1, 1:1M1.2:1KEIRMKER,

20 IR FE XS IR 1526 1) 5

TEFRIGBARIE 25%, B35 e HR B2 ml s k]
&R N 08: 1, UK E 24.50 m¥h, ARHAE
0.20 L/h 11T, 35 22 RGEE 160, 170, 180, 190
F1200°C I JEHR R 115 2.

30 FEMUBIA BT R A 152 1) 52 i

FERAHLE 180°C, B 1715 JHR Sy I 5 P [ 72
YR 0.8 11, HRE 2450 mPh, AR E
0.20 L/h 481, 0025 SR HGHIR E 20%, 25%, 30%,
35%HT JEHE R 152K

4) NEHAEX IR 1525 1 5

FEALLE 180°C , BhT71 45 Je HE B H A vl s i [

YIE Rl 0.8 ¢ 1, BUK G EE 24.50 m/h, $RIBURIKIE 25%
R, RSN E 0.15, 0.20, 025, 0.30,
0.35 L/h B JRAR M 15K

5) XL EHR R A3 2 [ 5

TEANG L 180°C, BhT-71145 JeHR S Iy vl s P B
GRS 0.8 1 1, ARWALE 0.25 Lh, $REURIKE 25%
FHER . 4 S HOAIRE 21.00, 24.50, 28.00 Al
31.50 m’/h I JRHR R RO 75 56
1.2.4 REBBH"HETIRI Y K@ ERAREE

5 Box-Behnken HUCMH AR WITREE, ZE4E
DRI 2RI 45 L, TR W e HRORY 15 5515 A5 2 1) = B2 A
FEHRETE (XD PRRE X)) AEEENRE (X3, LU
JEHR RS R AW N, BEAT 3 K28 3 AT I 3 [T ATk
5, AL EHR R W E T T4, B IR 2 MK P %
HEW 2,

£2 MEEASHFEFRATER
Table 2 Factors and levels of response surface method(RSM)

analysis
B RUIE, HURLE gl 975 B
H T RVMFQ ,.,\ELIAL% )\PH{JIL_IE
/C Jm® b /L * b
- ER X, X, X;
R
gig A B c
-1 175 26.25 0.20
it ity
0 180 28.00 0.25
7K
1 185 29.75 0.30

1.3 MEBEEGE

TR R IR IR TSS 19, Wi T8 5 IR R 1%
K HLK o & B R I A 45 hr

1) TSS 4% y,

y, =1 x100%
W,

A w—RIREF IR TSS JiE; w,— BRI
AT o

2) WIRKBEE Y,

.
Y, = =2 x100%
m

Arhe w—Wis TR R W% 1%
Ja JEHRA o

3) JRHR A SEA A3

SOBERL BRERIEEY; IBJERER). DNS Wik, &
AL WL AT KR 105°C 1k Kt 550°C
PIbeiko

4) JERR A PR PR e

g EM, Az zEinE, WY RS
L*a*b* RN,

MRS e E Y, 15 mL BHEIE 2.00 g EHRE
P AR, T AR AR L R A HERR S

B et IR 50 mL 26°CZ& MK T
100 mL Bptrhr, HEBME TR e dEas B IR s E i
BE, SRIGHG CUERFRETY 2.00 g IR AN pettrt, [7]
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N S E LR S PR 3% (Fale, 50~60 Hz, 0.2A) 892 r/min,
Hf RN 2 mmX 7 mm, G0k RHR R € AV R BT 7 I
1.4 BURAIES

YJ5JAR5 45 R A Uniform Design 3.0 R AF R TE D
[ U= 53475 o S 1 156 45 K Design Expert 6.0 JE47
VeI EIEE: 2N

2 FER5SH

2.1 ERRENIZMUER

HHBHR TSS B S I 4 (R 1A G144 Uniform
Design Z 2 RIHASHT R 4500 F 7R 31=0.77340.12xx,—
1.79x1x3-0.264x1x4~1.18x,7+0.708 xox3+1.12x3%, H MK &R
B R=0.9792, Ft=19.38>>F(5(6,5)=4.95, & rr =
s=0.141, [RIVH77 #4872 SR SR 1B 25 K1 (P<<0.05),
HAREMAPE KRR TSR T bs, 4
Bioo) 13 25 AN (B I N A T, AR 4 AR T
W1 BEHR S AR T 2454 pH3.1, LA 52°C, Migfi
I 160 min, FKHF 0.6%0, £T4EERE 0.15%0, T E
I TSS 3% 86.75%. fEULAME FIUFIALE, TSS 7%
85.26%, HTHM{EIEATT 5.
2.2 BETRRERRAELER
2.2.1 BYF ARG RS R IFE R

WyF0nr g 4w IR A3 22, Bk 0.6 0 1 %
111, KIRRAE EFHEHAE, K7 ER L,
Wikttt 0.8 @ 1 5 KA R IG0E RN (ZRARE), H
JelE R R SR 98055, DRI, SR 250V
I, 2562 8RR 138 5 XAk, I 155 TSS
Ll 4 0.8 & 1.

55
d d
© C
;\% 45
= .
o=
N 25
15
0.6 0.8 1.0 12
Bk

Ve ARBURIRIE 25%, HIE 180°C, Rl 24.5 m*h, AL 0.20 Lih;
AR FRE R RAE 13 K F 0.05 ) Duncan i AR 4050 2 5 B35, TR
B 1 B/FHlL5 TSS Z bt LR FE Rk
Fig.1 Effect of ratio of assistant stuff to total soluble solids(TSS)
on yield of longan powder

2.2.2 HPURFX RIEAFE R

HHE 2 W50, e HR A 1 2 52 XL FE 52 43 B &2
RGN B K23 B2 . BOXIEEE M 160°C ETFE
180°C, JEHRM 193200 Bk BT, WA R G,
IKAFZE RN YR 180°CIN, JEIRM R Ik, 4ksk
e ARG, AR O W B, ATREAL TR
(R I B TR I Rk TS FERE, MA3 2 R, DRk
Wk B A e 180°C o

2009 4F
55 r
& 4

e BT
. C
@35- b
E o | )
;RIS-

5

140 150 160 170 180 190 200 210 220
XIRE / °C
e SRHURIKREE 25%, BT3RS e nl i rE Bt 0.8 1 1,
PP 24.5 m¥h, ABL0.20 L/h
B2 AR EA LR F RN A

Fig.2 Effect of hot air temperature on yield of longan powder

2.2.3 RICRREX RIAFE R

M 3 AT, PRIGROKE B3 s KRR A2, 75
I N, RO IR A3 2 T il 2,
Al REAE TR A K BB, AR RS PE T s H
BEANEE, WIS TR BARTEIURIREE 20%0, JeHRA
BRI, HILAE PSR A K, s ReR
TERUHE R E 25%

50
d

S 45 .
S ]
s Y a
%
N 35

30

15 20 25 30 35 40
FRHUIIRIE /%

e HUEEE 180°C, BT JuAR AT M EAEE 0.8 ¢ 1,
PR 24.50 m¥h, NERAE 0.20 L/h
B 3 RICEREA RIRDFEN A

Fig.3 Effect of solid concentration on yield of longan powder

2.2.4 NNFABHABRITEE A

JEMR A IR N R R (K 4D, PR
B, JEHRRME R B, YRR RIS 0.25 L i,
YA YIRS N ) SN T EE TS R ST RS
Ky BMOERAEHIE 0.25 L.

55

JERRA IR /%

010 015 020 025 030 035 040
ARHGR/ (L-h)
e YRR 180°C, BT S JeiR b ey e B 0.8 1 1,
PR 24.50 mP/h, 3REGKIKE 25%
B 4 NHREA RIRAIT R 4Rt
Fig.4 Effect of feeding on yield of longan powder
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2.2.5 ARAZHRBIFEYH

PO N R 2 s 25 2 (&1 5) K. Bl
PO E M 24.5 m¥h 88K F) 28.0 m¥h, JEHRK R B
P, HARREKI XN 28.00 mYh, AREEHE K4
RS 31.5 m¥h, RIRMFRRZ B N Hoki
KA 28.00 mP/h.
50
45 | b ¢
40
35
30
25
20

JEHRK /%

17.5 21.0 24.5 28.0 31.5 35.0
HXGE/ (m'-h)
T FUELEE 180°C, BT 5 e A nl ¥ P [EEILE 0.8 < 1,
NEHRE 0.25 L/h, SREGBIKRIE 25%
B S #ARARENRBANTFF G
Fig.5 Effect of hot air flow rate on yield of longan powder

2.3 BETRZ BRI E DL ER

FERL PR 2R Al L, RIBOBRIK . 25% A )L
0.8 1 1 AT, KEHZW AR AL T 25 1 AS 2 1 - 2L
RAPRSE . AR R, DURIRG SR A
b, N Box-Behnken H0h4LA Wil 34T 3 #E 3 /KF
W )3 T ARG, &5 SR 3, LL 4= (X-180)/5, B= (X,—28)
/1.75, C= (X5-0.25)/0.05 h AR &, JEHRM A2 Y, Ky
NAH, KJH Design Expert 6.0 XA 56 Hdg b 4T k£ ik
U= 5347, I n U RO W PR I 45 R 4. %
PR e G IR pip s

Y,=44.80+1.874-1.99C-2.854B-1.004C-1.804,-1.63B,

BT RE P=0.0003, [FIJH &% R7=0.9630, ]
AT N AE AR 96.3%k A BTiE A E, HAAF
4% AR AN BE AR A AR R o [ VAR Yy 22 93 BT 45
B 4, KPP AN 0.2774 7F a=0.05 /K FAN T3,
U I AR TR BRI B B s U R, K T eI pon]
PR e TR T 2B E A &R — IRIEEH
FRAA B R /N n] DA 42 LU D] %68 T S AL 1) 56 il
PRS0 R 43 25 /N IR T A C>A>B, BIA
R 2R AR R 5 6 HER 75238 [P S M R K o

% 3 Box-Behnken il IRITARKLER
Table 3 Design and results of Box-Behnken experiments

a0 A B s SR

ARG R HRFE ARRE Yo%
1 -1 1 0 42.65
2 0 -1 1 39.89
3 1 0 -1 4791
4 -1 0 1 4133
5 -1 0 -1 4222
6 1 0 1 43.03
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7 0 1 1 42.63
8 1 -1 0 45.79
9 0 -1 -1 46.08
10 0 1 1 46.56
11 1 1 0 40.75
12 1 1 0 3631
13 0 0 0 45.79
14 0 0 0 44.36
15 0 0 0 45.08
16 0 0 0 43.92
17 0 0 0 44.87

x4 EFERRHEEMHOE

Table 4 Significance test of the regression coefficients

# ST FrAER = F{i P
FFE 44.80 0.37
4 1.87 0.29 4033 0.0004
B 0.57 0.29 3.68 0.0967
c -1.09 0.29 45.44 0.0003
AB 2.85 0.42 46.61 0.0002
AC -1.00 0.42 5.73 0.0479
BC 0.56 0.42 1.84 0.2172
4 -1.80 0.41 19.60 0.0031
B -1.63 0.41 16.12 0.0051
e 0.621 0.41 2.31 0.1727

T 3k 22 TRl U= g R A e . T P B L A e 2R
WK 6. K7 HE 8, K6 W, ANEHRE 0 AT, #
DAL S A0 AR XU B PR A8 AR R R R K 1 26 i S 25 1
RO, RIS A PE T [ I 4 ey A0 XUIRL R0 0 XU 1 TR HR
MR B ERIN, RIS 180 C Ak X =
28.00 m*/h I EHR KM R IK B A o 23— 04w AR
o R Rt B R R 43 26 T T B, R 4% 1 9 L A
K ERBHR IR = G | 7 R, NERRER
AL BE (128 EAE A SRR R A3 5 m 2 3% . X O
AP, R EAAR, AR R R, IR SR
Bt B R, BN SRR R Ao, X 55001
SIMTEE BB [ ARHATE 0.20 Lh, JEHRR 5 2 bl
JEE T v S A . B v AR R ARG B R R R 1
KA FdE R, (0 ETHEAENE, A iR
TME. B 8 R, HUELE 0 ACTI, ARk
AR IR (SEEPA WA SR VIR E B e - AL TR

YR FER) Av B FC Riw's, FFHEHA X, X
X 19 B S TR T 2 A HURRE 185°C, #UXIR
i 26.47 mh, NBHAE 0.20 Lh I, BB EE 49.72%.
GEL PR AR AR, IR N 26.25 mPh, B
TN AR BIBAE N 49.69% . 1E MM N A RAFRE:,
JEHR Y SR g5y 48.58%, SRS (EM 2/ T 5%, Hil]
P n]
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Fig.6 Response surface and contour plots of hot air flow rate and hot air temprature on the yield of longan powder
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Fig.7 Response surface and contour plots of feeding rate and hot air temprature on the yield of longan powder
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Fig.8 Response surface and contour plots of feeding rate and hot air flow rate on the yield of longan powder
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HEBAMIEAT ;s [RINILANU R AR A, (PR

¥, AR AR, S K.
x5 ERMERNSSERFFIHER

Table 5 Contents of elementary ingredients and indexes of longan powder

A A T B b
e EWERe  EEUEY  BAM% K% AKEM  MERUER(g e mLY) WM LA a*fif b
78.92 69.05 9.87 0.96 1.50 3.71 0.346 36 65.13 5.98 13.12
. . (& % x #]
3 it it

JEHR I A 25 T 52 2 A R 3R R ILAS AR T
T, JRHR TR B IR G, BRI RS R
WRENERR, HEWIE TGRS RNy, 2R
BT 22 2RIk BT SR BR AN A RO R AR
TEAAE N BRI B 170 32 v 22 2ER0RS 4 1 = e R
WA Bl B0, HE IR 22 2R RN 2 SO 7 il AU
WAL PR 11 22 2RO N 0 A 2 SR AR RO R By 11 K
Bl o IR SR T 2 T AR, e R TR R K
e, BOGRE R, DNERKIAREY R KK, #
Wi e HR R 1528 FL 1 K 33 P A s 7 i A B DR, (HL A
PRI B v B BOURHR A 7K 4 & 1 KR B & 5 | R 1
R, ARG ST BRI 0] AR K S AT Y 4
WH T AIIESE B8, NRHR R N TR R 15
KR FRL AL 2 = ORI ] DA 2R
(R 7K 43 DO 2 TF 05ty AR REE a5 6 v 457 B ) )
Wbtz 285, W5 SEEIRR K S RET Y. ek
Y ] PN B XL 2 TR R R IR R 75 26 2 $
MPRIELSE 180°CAHYURI 2 28.00 m® - h! i JBHR Ky 755
Ko DA DRI EE R AT BAR FH A e R R 19 28 J HRe
HRW, WHSESYERE, 558 % B EES ORI
ik fE T2
4 &

1 SRS SR A B OEIR A oa] v i
RUEE CRRBEA LT 4E 2B M dei T 24040 HAE
JIs2 Tty 1T 1 Ak 25 it ) WoF It A R FR SR PR, pHI3.T, Tl A
52°C, MgfRETA 160 min, HAIEEH E 0.6%0, ZF4EZENE
FHHE 0.15%0, T TEYIF3 2 0TIL 85.26% .

2) SR FH e NI 43 BT o e RROR W3 25 TR I A 4%
P CAZZ ZE RIS 0 B T35, 5 ] s R e O R B L
0.8 11, HUXHLE 185°C, FUNJE 2647 m*h, NENR
i 0.20 L/h, JERHISHN 48.58%.

3) AT JRHRRY ANORCIRR K, (e, Bk
R 1R A R R B B K P, F oy B R4 o,
IFEHLEEE TP, SKE<S%, @& TR
B0 58K o

DA HR SR PR DR SR A e 44 EE 5 1 55 T A 4
B 1) 2 IR 2 RS N T s 2

o
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Enzymatic hydrolysis extraction and optimization of spray drying
technology in processing instant longan powder

Su Dongxiao?, Zhang Mingwei'?, Hou Fangli'?, Tang Xiaojun!, Wei Zhencheng,
Zhang Ruifen?, Chi Jianwei', Zhang Yan', Deng Yuanyuan®
(1. Key Laboratory of Functional Food, Ministry of Agriculture/Bio-Tech Research Institute of Guangdong Academy

of Agricultural Sciences, Guangzhou 510610, China;
2. College of Food Science and Technology College, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to establish the processing technology of instant longan powder, the uniform design was used to

optimize the enzymatic hydrolysis extraction conditions for the total soluble solids(TSS) in dried longan pulp, and the

response surface methodology was used to optimize the spray drying parameters. The results showed that using dried

longan pulp (13.62% moisture content) as the material, extracted with pectinase and cellulose enzyme, pH3.1, enzymatic

hydrolysis temperature 52°C, enzymatic hydrolysis time 160 min, pectinase addition 0.6%o, cellulose addition 0.15%o,

the extraction rate of total soluble solids could reach up to 85.26%. When the content of total soluble solids reached 25%,

maltodextrin(MD) was chosen as filler (MD:TSS, 0.8:1). Spray drying was conducted at hot air temperature of 185°C,
hot air flow rate of 26.47 m>h™ and feeding rate of 0.20 L-h™, and the yield of instant longan powder of 48.58% was
obtained, with the moisture content of the instant longan powder below 5%. The longan powder had good color, flavor

and solubility. Thus it can be concluded that it is possible to produce instant longan powder efficiently with the

technologies of enzymatic hydrolysis extraction and spray drying.

Key words: extraction, spray drying, technology, optimization, enzymatic hydrolysis, instant longan powder



