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Optimization of Spray Drying Technology of Lonicera caerulea Fruit Powder and Its
Quality Characteristics
LIU Xiaoming', LIU Sheng?, JIANG Guiquan®*,ZHANG Zhuorui**
(1. Weifang University of Science and Technology , Shouguang 262700, Shandong, China ;2. Forestry College,
Beihua University, Jilin 132013, Jilin, China)

Abstract: To optimize the processing parameters of preparing Lonicera caerulea fruit powder by spray drying,
this study used L. caerulea as raw material and determine the optimal processing conditions by single factor ex—
periments and orthogonal experiment. The effects of spray drying and vacuum freeze—drying on the quality of L.
caerulea fruit powder were evaluated by comparing nutritional components and physical properties. The results
showed that the optimal processing conditions of spray drying were 1:4 (g/mL) of solid-liquid ratio, 15% of
maltdextrin addition, 155 C of inlet temperature , 8.4 mI/min of feed flow rate,and 26 m*h of air intake volume.
Under these conditions, the yield of L. caerulea fruit powder was (32.19+0.13)%. The anthocyanin content of
spray dried L. caerulea fruit powder was (4.18+0.31) mg/g, vitamin C content was (0.42+0.05) mg/g, and total
phenolic content was (45.32+0.49 ) mg/g. Compared with that prepared by vacuum freeze—drying, it decreased by
28.55%,33.33% ,and 24.98% respectively. However, the fruit powder prepared by spray drying has good physi-
cal properties,low moisture content,and small particle size,and the solubility and uidity were significantly bet—
ter than those of vacuum freeze—drying. The spray drying is suitable for spreading and applying in L. caerulea
fruit powder processing industry.

Key words: Lonicera caerulea;fruit powder;spray drying; vacuum freeze—drying; quality
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6) ELAS R UR T TEREAR T SEAE-28 “CHHlvA 20 h,
SRIGTEABF-44 °C JE58 0.01 kPa 5148 F 1482 30 h.
1.3.3 BT T 22800 e
1.3.3.1 AEZEKE

] 5 2 WIS TR AN 15% , HEIXURE 150 °C, BEFE
FEE 7.0 mL/min, #EXUE 28 m¥h, ZEERPK L 1:1.12.1:3
1:4 135 (/L)X HEHER AR HE TR o0& i JARHT ] |
TN PERTE AT BRI ; B e BRE L 14 (giml) , iE
FEREFE 7.0 mL/min, JEXUEEE 150 °C, X 28 m*h, 73
I 2 2 ZERRS AR AN 10% . 15% .20% .25% .30% %t
W B ARR K ErE RARI E] R Sl M A A
a5 B A 7ERR HE N 1:4 (g/mL) , 22 2ERPRS A
it 15% , HEREHEFE 7.0 mL/min, 35 XU 28 m¥/h 19 551
T, 43 SR KR B R 140.145.150.,155.160 CHEFT
W% T4, FURCAN [Tk XU X6 5 e SR S AR K4y
i VT R] R S AL R 5 [
W 1:4 (g/mL), 2E XGRBE 155 C, 22 ZF WS 4 i &
15%, #REE 28 m¥h, ROPARISHEHE 6.3.7.0.7.7.
8.4.9.1 mU/min XJHEHEA NS5 IR F B AT R]
TR LT 2 B RS B BRI L 1:4 (g/mL),
F WG AN 15% , AR 7.7 mL/min, 7F XU
155 °C, A9 555 KA 24 .26 .28 .30 .34 m¥h X5 BE
TN K B RIS E] R sh It e ety
TR
1332 IEIRE

PP 26 (0 R L, DAV XUELE (A) kR



202347 H
445514

RaftnSRAR

B AR

— 142

JE(B) HEXE(C) MRS S it (D) ik B N 3R
RSB IEE SRR, AT U R =KF 1,(3Y)
(4 IE AR M, AL e R SR W 55 4R ) T2 5%
Fo WEREKPIBILE 1.

F1 EXKBERSKE

Table 1 Factors and levels of orthogonal experiments

SES

K- A HER BubkEE/  CubER/ D E
R C (mL/min) (mh) TN/ %

1 150 7.0 24 10

2 155 7.7 26 15

3 160 8.4 28 20
1.3.4  HEREFE AR
1.3.4.1  EHEREHIFR

AR (Y, %) R A X
y=—T"__ %100
my+ms

A omy R R A A g5 m, S TR A
W, gsms NVRECHTITIBCR A ¢
1.3.42  HfRAHRIN 2

FREC 1 g BEEER AN, BIA 250 mL HERH, TimA
25 °C.100 mL 787K, FH#E 15 PEaepi 1 78501
fiff | 0 ST AR VS A T FH S )21
1.3.43 oo e

FRIC1 g W AR, B 250 mL etk A
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1.3.4.4  JishtEE

T FL [ AR 1 em W9RSF, TSF 05 S AR
8 em, ST — K 4% B 2 g W6 B SR S0 M = 1
A5 AR AR TR S ELAR KN, AR R ) SR
3R B e 22
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i B TIOR3 AT A RE SR R RE T Y
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Table 2 Effect of solid-liquid ratio on spray drying
ETTEY % T ]

Tﬁm aji%//}o/ a?r:ﬂﬁi %%zs ) WidtEen 8K/%
1:1 3.07+0.08 57.00+0.28 3.43+0.22 11.70+0.07 14.41£0.13
1:2 3.38+0.16 46.00+0.19 3.85+0.25 11.90+0.11 23.35+0.17
1:3 3.60+0.14 39.00+0.32 4.29+0.18 12.00+0.05 25.27+0.19
1:4 3.74+0.13 34.00+0.07 4.22+0.11 11.80+0.06 27.71+0.21
1:5 4.02+0.07 41.00£0.25 4.06+0.13 11.60+0.08 24.36+0.12

FH e 2 AT LUA Y, Bl ORI /K B R 3 i, i e SR
by 0K oy G B K, N (3.07+0.08) %3 K =
(4.02+0.07 )% , Ut BHECREFH K B (BG4 B S Ak &
IR — 2 BRI (AR R B AN K5 Bl FH K 3
I AR & e RN, SRR R 103 (g/mL)
I, e AR A O B i =, (4.2920.18) me/g,
BHE LN 1:4 (gmL) BFERB A OF S ERZ, R
(4.22£0.11) mg/g; F W75 bl FH K 340, SE38 K5
WS R R 14 (g/mL)BS SR SR e, (2771
0.21)% , HICET T A5 S 45 0 95 e B 1R) dc e, 0 (34.00+
0.07)s, M PERB IRt 5 AN ] FH K B A5 SR b 1) 3 sl o
AR <0.40 em, Ui BUBRE LE XS89 3 30 P 52 i
AR LA AS TR bR , 65 W e SR SR A e 55 Tk
BRHR LR 1:4 (g/ml),
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22 ZERITRE TS N X A 6 SR SR 45 T4 A 114 52 1)
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Table 3 Effect of maltdextrin addition on spray drying

ZER 7K ey T, .
i;gfi /E:’\J%i)/}% Eflgjs ﬁ?‘ni/;gi maht/em 5% /%

10 4.95+0.19 61.00+0.37 4.23+0.15 10.70+0.06 18.21+0.17

15 3.69+0.15 33.00£0.29 4.19+0.12 11.90+0.11 28.29+0.09

20 3.11x0.14 59.00+0.38 3.61+0.19 12.10+0.09 29.43+0.23

25 2.96+0.13 88.00+0.44 3.04+0.32 12.50+0.07 29.49+0.15

30 2.87+0.22 104.00+£0.51 2.77+0.21 12.60+0.08 29.51+0.26

ARG A R T 05 TR B bRk 4, B
ZERRE RE S AE Sk FR AR, TR T i rh Aok
(25 B RDRG RE (R R 45 80 7 i AR, th 3R 3 T, Bl
A ZERIORS S I B3, o SR AR A A5 3R
K, 222 ZEMIRE S I 3G i 2 20% 15, SRR AR ik 5
(29.43+0.23)%, )5 FRUkEe & ZEE i s &
SR IF RSB TS, AR BN, DA A e SR
S 8 55 8 5 A2 2 RDRS VS = AT DA I AE 209% LA
N 5 Bl 22 2 RDRE oS I g B, SR e A S
R R RE I S FEAL, 522 2R MIRE IS it 20%4H
L, TN 1590 PP A5 i e S AL by A6 1 5 i
0.58 mg/g , VRIS RIE /D T 26.00 s, A5 2L HE AT
H114% . 7356, 2RI R & A0 1 i 3
P, 2SS AN 10%42 5 2 15% , 80
B PEH (10.70£0.06 )em PR HE M2 (11.9020.11 Jem,
ZJE AR R A SRS IS N SR g . DRI,
SR A TS bR , 002 22 ZERDRE BN i 1) S k-
9 15%.

2.3 RGBT A FE AR AR TR AR 1
I R B Xo) W% 257 5 Fr 74 1 5 SR SR by 45 T F A
Fs I RN 4 Fs .
F4 HRBREWBEETRYRNEN
Table 4 Effect of inlet temperature on spray drying
- y S —
‘iﬁj'g/tc fj%i)/}% H{ﬁgﬁs Z:E%;Z/ga ) dtsn #5515
140 6.97+0.24 42.00+0.11 4.64+0.13 8.60+0.09 16.43+0.27
145  5.41+0.18 40.00+0.17 4.38+0.04 9.80+0.12 23.11+0.24
150  4.03+0.25 36.00+0.33 4.12+0.08 11.70+0.05 28.32+0.11

155 2.71+0.14 34.00+0.29 3.85+0.06 11.90+0.04 29.05+0.22
160  2.89+0.08 47.00+0.07 2.71+0.02 11.60+0.07 27.33+0.15

HiZ 4 nT I, SRR 155 “Ct BT8Rk Y
B IAE RIS AR e, 8 (29.05+0.22)% , K5 %
/b, R (2.710.14)% , i sl ok, i (11.90+
0.04) cm, Fif I ] 58, (T (34.00£0.29) s, HAE {4
HoER S EREN 140 CTERFMAZ 0.79 my/s,
A ABFE PR S FIa & o ik KUR AR, 254 7E
THEENBKARTESY . ANRETE 4 TR ML e A8 BE I

P A AR, L T AR SR K O e, R
SV A 2E ; (H E KU BE S i, A ) ik i e R
FROBESS (RIS W) Tk A At R BE LR, B 2 Wi
— SO RSB, S 7 AR, LRSS AR L
R A o (il S5 AR T WS 5, 7 A R S, A
HIF SR B v it , [ IR 2 €0 S50 1R ) o ) AR
B2 i R 2 O AU (R R R A
iR R I, 2R G MR 0 pT, 4 155 CAR S #E XU
JE BREKF-
2.4 HEREEEEXTIERER AN T SO A 0
THE R T R X6 5 5 08 T A W SRR 45 T A B
URMZE AN 5 PR
x5 HHEEXNBEETRIRERM
Table 5 Effect of feed flow rate on spray drying
T S— 7 P T
%:f/lff )/ g;% u{?lgi k?n:/z )E/ Hishtlom  3%/%
6.3  2.87:0.22 31.00+£0.17 3.95+0.09 11.90+0.14 26.98+0.31
7.0  2.94x0.16 40.00£0.34 3.81£0.13 11.80+0.07 28.59+0.25
7.7 3.01x0.14 26.00£0.36 3.97+0.26 11.70+0.05 29.07+0.21
8.4  3.11x0.18 29.00+0.42 4.09+0.12 11.70+0.06 28.74+0.19

9.1  3.99+0.27 32.00+0.09 3.87+0.07 11.60+0.08 26.56+0.28

e 5 TN, Bt AT A B 0, i 5 SR SR 1Y)
PRSI KIT VRN, A PR A F] 7.7 mL/min B, 15
ZIRFNR KA, M (29.0720.21)% , 2 J5 P4k L4t o ik
FERUEE , 7= i ARRIT UG R 7 4h, HEREE R R, Pt
FEV A TS R R R, ST R AN 5 Y L 52,
FEPELS AL AT D SRR 8.4 mL/min T f5 i fe
RO G AT & i, 4 (4.0920.12) mg/g, R
JE7.7 mU/min i R RO S BERZ N
(3.97+0.26) mg/g, [HILHT FrAe SR A0 i it () B, R
(26.00£0.36) s, IFFFPERERAT o 2R A i i A TAE A , 1E
£ 7.7 mL/min {F e ) S UKF
2.5 HERUE X e R AR TSR 1 2 )

PR o 5 25 AR T A R i R SR 45 T A 1Y)
M RN 6 Frn.

*6 HREBHHEETRARNHZMN

Table 6 Effect of air intake volume on spray drying

WK Ky Ak
24 3.23x0.14 30.00+0.19 3.24+0.16 11.60+0.15 30.92+0.13
26 3.09+0.17 25.00+0.23 4.01+0.21 11.70£0.09 31.64+0.17
28 3.01x0.15 32.00+0.18 4.06+0.13 11.80+0.11 29.75+0.21
30 3.44+0.22 31.00+0.33 3.89+0.32 11.60+0.07 28.04+0.35

34 3.59+0.18 27.00+0.27 3.72+0.14 11.60+0.07 26.13+0.18

MFE 6 T LAA H, dE XU 26 m¥h B, W i R AR
WA R B 5 M (31.64+0.17)% , T3 A A it o) Fe J
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Table 7 Design and results of orthogonal experiments

a2 A B C D 152/%
1 1 1 1 1 27.17
2 1 2 2 2 28.24
3 1 3 3 3 28.89
4 2 1 2 3 30.32
5 2 2 3 1 29.79
6 2 3 1 2 31.14
7 3 1 3 2 27.17
8 3 2 1 3 27.05
9 3 3 2 1 29.13
ki 28.100 28220 28453  28.697
k, 30417 28360 29230  28.850

ks 27.783 29.720 28.617 28.753
R 2.634 1.500 0.777 0.153

AT e R, AT B SE R R R 1A R (32.19+
0.13)%, K4 N (3.01+0.08)% , ¥ ]
(24.00+0.29 )s, fE(AF 7 54 (4.18+0.31) mg/g, i sh 1k
F3(11.900.15) emo [FIHFXTZH A ABLC.D,, RIHE XU B
h 155 °C FEFEHEJE N 8.4 mL/min . JE K& 26 mYh %
ZERIRS S N 109025 755 U , A5 94 e R SRk 1Y
P38 (28.87+0.42)% , /K53 7 18 (3.45+0.23)% , %5
RS R (37.00£0.11)s, fEETFFFEN (4.24+0.08)
mg/g, i S PE H9 (10.50+0.26) cm, [5: 46 (04 & H W 75
Ah, HARFER B IR T IE AR AL i T2 54
I, BEFE ALBSCoD,, RIFE XU FE Ry 155 °C iF A FE Ry
8.4 mL/min JEXUEE 26 m¥h 22 ZERIRS S I 15% M ik
HE AL AL I 55 T A e T 28 %A
2.8 WSS HE AR AR P RETE bR
2.8.1 Hkis Y e &

A3 RGN Y W% 2% T R B2 4 o T e R AR
MR E LG T, S5 R WK 9,

%9 FEFEARMEEREBEMR S0

Table 9 Effects of different drying methods on active ingredients

of Lonicera caerulea fruit powder

T OEHE R/ (ngg) Ve &t/ (mgleg) B &R/ (mg/g)

i LA N B A 2208, rTAI4S T 52800 5
Fi SR AR IS 2 g T 25 ) 1 = VR Sy i AT >
HERE R > AU > F2 2R MRS AR 4 5 45 PR 3R i ek
SELHA N ABLCD,, RIZERGEEE 155 °C, UEREHEE
8.4 mL/min JEXUFE 26 m¥h & ZERIRS N 15%., X
IEASIRIZE AT I 225707, N3k 8 Fivm .
®8 FEMT

Table 8 Analysis of variance

T2 w2 I F AhE F{E FlFHE

B

HEXREE  12.402 2 344500 Fy(2,2)=99.000  **
PR 4119 2 114417 Fpu(2,2)=99.000  #*
R 1.006 2 27944 Fy5(2,2)=19.000 ¥
FZEWK  0.036 2 1.000

TR

2 0.04 2

puvll 487.861 10

T RS L 5 (P<0.01), % Fom %45 SR 133 (P<
0.05),

M 8 AIHI, WEHER RIS TSI T 235
Borh, i R EE FERE SR BE () F {4351 R 344.500 Al
114.417 , 3HR 5025 T w2 3% (P<0.01) , #E X ) F
{54 27.944 545 F52m i 2 (P<0.05)

27 Fukise
Fi R E SRS I AL A T 25 25 F ALBSCoD,, i

W55 T4 4.18+0.31" 0.42+0.05* 45.32+0.49"
B RUR TR 5.85+0.35" 0.63+0.09" 60.41+0.54

T SN )N B2 BAT #2253 (P<0.05)

FHER 9 AT, W55 T i fo i e R A R AL (1
i R (4.18+0.31) mg/g, Ve & 1 4 (0.42+0.05) mg/g,
SR R (45.3240.49) mg/g, 5 HEASB IR T AL,
b IR TURRE 57 W 5 43 /> T 28.55% (33.33% Al
24.98% , X Ut B M 55 T o fif— BEPIES R 1460 25 1) B
A e et N (L B RO o SN = T S
HIFAGEER Koy 28 % BARE— R 70~110 <C, 34
B BN 2 A i (R Az 2ok v BT B, A Bk L H
AT RER TR B T ok PPy T i e R by
P8 5 B RS & AT 1 25 57 (P<0.05)
2.8.2 kiRt

A3 VR IN T W% 25 AR R LA VA TR T R T A
AR YR 45 R L 10,

F10 FETFEFAEEREH IR0
Table 10 Effects of different drying methods on physical

properties of Lonicera caerulea fruit powder

AR VIE:N
T4 3.01£0.08" 24.00£0.29" 11.90+0.15° 99.40+0.38"

KOGt % VRl s em  FRE k%

M
e
s

=
EEAYETHE 6.89+£0.14°  38.00£0.23" 8.70+0.09"  93.20+0.43

T : RIS R ING TR BA B35 2557 (P<0.05)
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IR i R VAN A o i Y T R bR 2 —, KAy
P, S O S A M RE R G B 2R 10 7T
I, WESE TR KRR, FTARR A B K A i
[(3.01£0.08)% | 3 (P<0.05)ik T EL25 Vo R T S by
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