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Optimization of Processing Technology of Instant Jujube Powder and
Evaluation of Its Sleep Improvement Effect
ZHENG Xiaojing', LIN Cuijiao', WANG Na', ZHAO Zhihui'?, LIU Mengjun"*"

(1.School of Horticulture, Hebei Agricultural University, Baoding 071000, China;
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Abstract: Semen Ziziphi Spinosae was used as materials in this experiment. The extraction technology of flavonoids from
Semen Ziziphi Spinosae, the optimum ratio of concentrated liquid of jujube and Semen Ziziphi Spinosae with other
ingredients, and the sleeping effect of the product after boiling granulation were studied. With flavonoids content as the
index, the extraction process of flavonoids from Semen Ziziphi Spinosae was studied by single factor experiment and
response surface methodology. The optimal extraction process was obtained as follows : stir-frying temperature 140 °C, stir-
frying time 6 min and solid-liquid ratio 1:30. Under these conditions, the flavonoids content of Semen Ziziphi Spinosae
was 6.69 mg/g. With sensory evaluation as index, the optimum formula of sleep-friendly instant jujube powder was
obtained by single factor and orthogonal test: Maltodextrin 20%, jujube juice concentrate 10%, sugar 15%, milk powder
4%. The instant jujube powder was obtained by boiling granulation. The activity test showed that the instant jujube powder
could prolong the sleep time of pentobarbital sodium-induced mice and shorten the sleep latency of subthreshold
pentobarbital sodium-induced mice. It can be determined that jujube powder has a certain effect on improving sleep.
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Table 1 Factors and levels of response surface test
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optimization of instant jujube powder
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Fig.3 Effect of rate solid to liquid on total flavonoids content
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Table 4 Box-Behnken design and observed responses

WIS X ORIREE X, DHIE Xy BRELL Y B & R (mg/g)
1 0 0 0 6.63
2 0 -1 1 4.09
3 1 -1 0 5.34
4 -1 1 0 4.45
5 1 0 1 6.01
6 0 1 -1 5.72
7 0 1 1 4.95
8 0 0 0 6.54
9 0 0 0 6.69
10 0 0 0 6.58
11 -1 -1 0 3.93
12 1 0 -1 5.87
13 -1 0 -1 5.23
14 1 4.54
15 -1 0 1 5.71
16 0 -1 -1 435
17 0 0 0 6.39
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Table 5 Estimated regression coefficients for quadratic
polynomial model and the analysis of variance of the
experimental results

T 2R SS DF MS F P BEME
Ay 7.33 9 0.81 5175 <0.0001  **
X, 4.49 1 4.49 28525  <0.0001  **
X, 0.96 1 0.96 61.16 0.0001  **
X, 0.028 1 0.028 1.77 0.2252
XX, 3.080E-003 1 3.080E-003 0.20 0.0416 *
XX, 0.032 1 0.032 2.01 0.1989
XX, 0.025 1 0.025 1.61 0.2455
X, 0.68 1 0.068 43.09 0.0003 *
Xy 0.84 1 0.84 53.53 0.0002 *
Xy 0.11 1 0.11 7.07 00325  *
G2 0.11 7 0.016

AL 0.049 3 0.016 1.07 0.4558

PRZETH 0.061 4 0.015

A 7.44 16 R=0.9852 R,4=0.9662
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Fig.6 The effect of wild jujube juice concentrate on the sensory

score
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Fig.7 The effect of the content of maltodextrin on the sensory
score
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Fig.8 The effect of the content of white granulated sugar on the
sensory score

2.2.4 WA INE TR O BRASEMm ARHEIE 9 nf
H, BEE DR EINPEE N B850 5 ETHE T
B, MU 4% BHEEPFA B AR . 2P R
BWPRS BN TR LT, Mt 4% UGS W58y
B BAR FE AR B T A A JEUR RIE, [N
Brashne: 4% BoNiE oo

100 =

60 | | | J
2 4 6 8 10

YKAS L (%)
&9 WS i X IR T R 0 500
Fig.9 The effect of the content of milk powder on the sensory

score

2.2.5 HFEACKELT IEACIRIGfbgs S it 6
AT, A~D 4 Flvs Hrkl e o) B I A7 47750 o0 78 AOM Ja%
BN —E BISZI, #2ZE4351)°8 6.00. 5.00. 6.00.
4.33, AU E PPN 245 DR 2R A K/ INITUE Sk 42 2
R = AP BESFR AT >0k . AR e Pt isedse R o4
LEA RSB R E, e RE R IR A ey PR T s A A T
BHI AL SN A,B,C,D,, BN ARMEE 15%. FRATHK
AR 10% . 22 2Pk 20% . Wiky 4% XX S, Rk
AT 50T, G5 IR 7. FAARDPRES N, BRAC 4R
TGS, 22 2RSS B A R a8 in e X Ay 1) %
BYIA IR (P<0.01).
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* 6 BIFAMBCT IESIRR A R
Table 6 Optimal results of orthogonal test of instant jujube
powder formula

XS AR BEIFHIN c AR DU o

1 1 1 1 1 78
2 1 2 2 2 92
3 1 3 3 3 79
4 2 1 2 3 88
5 2 2 3 1 89
6 2 3 1 2 88
7 3 1 3 2 81
8 3 2 1 3 81
9 3 3 2 1 85
K, 249 247 247 252
K, 265 262 265 261
K, 247 252 249 248
k; 83 82.33 82.33 84.00
k, 88.33 87.33 88.33 87.00
ks 82.33 84.00 83.00 82.67
R 6.00 5.00 6.00 4.33
RT REVNITEST
Table 7 Variance analysis of the sensory evaluation
Jr 22 Ss Df MS FIfi I Jin
A 196.96 2 98.48 21.80 *x
B 114.74 2 57.37 12.70 **
C 190.74 2 95.37 21.11 **
D 95.63 2 47.81 10.58 *x
R 81.33 18 4.52

TE: SXFIRAE AR, *P<0.05, **P<0.01; F68~F10[d] .

23 ERAFERAEHHBHNTZ

R UNEL 10 Frows, Bk /N 2], Bl
AL HRIRRAE, R, HA LR A R A
KBHilJE BB AR IR

R A 4 B L )
P10 A il BB A e BV A by MOs A A R
Fig.10 Self-control sleep friendly instant jujube powder and

HEEAR YOR

instant Chinese jujube powder beverage

24 ERAFEIRATMIE /D RIERSR

2.4.1 X/ A BIESsEm A4/ NEEES
252% 30 min J&, /INRICASIE & N, A =7l 4l
S/INERAT B ARE S 81e, VA H BB AE T ENAS Bl /N
B, [RIRSF A= BHLER 7K X BE 2 /N Bl AR bR AS T 1, 15V e
AR A i PRy ARy e B gH s D/ N B A SE3E 3, HL
AR RS e HAA I NG A 2GS e,
IR AR £ T n A e

2.4.2 AR IC LE 2N R R e ARIR A2 R dn

2% 8 I, 4532325 W70 da A I /]S BB B AN IE R
XoFHEZH LU, AR T . FLrp B sl N RS
X IR s HAT W 22 57 (P<0.05), il i S5 %)
NEL] e A M 35 2255 (P<0.01), 15 BHREAR A7 -7y
TR AT AR s T N R, 5 BIE A P
[FIREARAEF o
8 N[ I H A R A AR A5 TR
(x£s,n=12)

Table 8 Effect of different doses of jujube powder on
subthreshold dose of sodium pentobarbital hypnotic

(x+s,n=12)
2151 B H ABER (%)
1EH X IR 1 8.33+0.00
IR 2 3 22.22+4.81
i 6 47.22+4 81"
R 8 66.67+8.33"

2.4.3 AOHXFEL FL 2 AN IR AR AR ARG SE I AR T
ARIAFE MV 73 0 56 B 22 30N BB T S S0+
I EFE], AR O T LIAS HY, Bl 5 AR A 47 Y id
WAL AN, /N B T S AR =2 8] g B[R] 28
H AR, Horp S5 BRER K AR b, 8 B m )t oy 5
Xof BRZH PR, /)N U HR v AR AT B i sl 2 ka3, 4
a1 T /INERAHE IS TR], RPRAITE B e nl i Aopy e
S P2 AR PR AR, Al N B PR A B HIRIRAS o
F 9 [T TG B B A B R VR A 0T A S )
(x£s,n=12)

Table 9 Effect of different doses of jujube powder on the
influence of sodium pentobarbital sleep latency period

(x+s,n=12)
215 MEHI TS AR (min)
IEH X IR 11.84+1.45
R 11.02+1.13
Tl 10.90+1.33
[l 10.30+1.37"

2.4.4 HOEXFHER G P b 22 A BR IR AT [R] 52 N
22 10 AL, 7R B EZ N A AEIRYE FH T, IR A2 47
U AR, T, S A R AR A 1] b AR B ER KX
REZH 45 Fr 4K, 15a BH BRI A G- R el s Ao ae s i ke
259155 5/ BRIBERR e B 1R] . HiH, S5 01 REZH R,
VEH TP FIE A 4H B3 (P<0.05), FE T A
210 AN B R R A 3G B L 22 M A 1] 1) 52 i)
(x+s,n=12)

Table 10 Effect of different doses of jujube powder to extend
the influence of sodium pentobarbital sleeping time

(x+s,n=12)
2151 BEERR ST 7] (min)
IEH XTI 28.06+4.47
LGSt 29.86+4.96
a2 32.21+4.26"
[ShlEse] 36.25+6.67"
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W2 (P<0.01), B4/ NS A —E i ny 8k oA B
b A A IR A o
2.5 BERAFEIRBSEMEFTRS

AR FERT I 11 TR, HigkE N
(2.59%+0.05%) , FEIfl T GB 7101-2003 H1 &% /K&
KT 5% MR, RIZ™ M B B e e, R
YA A5 20 e AN S 2 R BRSO . %™
b, RN AR S AR

F 1 HEPAR Y BRI

Table 11  The main nutritional components of instant jujube
powder
K ST SR A CAMP &
(%) (mg/g) (mg/g) (mg/100 g)
2.59+0.05 3.67+0.11 12.87+0.09 22.58+0.23

2.6 REARAZGFELRATMMIIRME R

7 R ERVE T, SR P A LA A OR]
A A — I 2 AR, R R R LA A A O HY
TR L S NS e MRS . PP R A ™
b B e LA, S0 HICP ARG , 3 e e R Al
AP, AR . AAER 12 AT IR Y, SR Ak
SR SRR E PE/INT 0.05%, DI 7 it 4 43
PEFNFEE EABIR LS

12 AR AP R T
Table 12 Physical properties of instant jujube powder

BRAECs) S (%) et (%)
28.12+0.30 0.04+0.003 0.04+0.004
3 g

SCIPUREENES M eyl P IVATETE Vo =l e S SN
R ECR A KO HHRE 140 °C, KD 6 min, A}
WEE 1:30, A P2 HUO U, FE UGS 60 min, 7SR
R A B RS Rk 6.69 mg/g., dHIBARI AL
BN TEAZ LS, AWl B AR A 4 TRV Ay (e A P
J7: 22 ZPMKE 20%, FRASTHHRAEHE 10%, FIRDHE 15%,
Wiky 4% WITHH A4 BEE I A o RS 5 A0 A3 o) /) Bl B IR
Jo i 2 B, (H ] DU B L 2245 5 N R
B B IR ], 400 0 1 1 G B bl 22 ) B B I s AR 3
AT LA R Ay HA — 5 M REAR A DIRK

SEHK

(1] 2 &%, 223 #F BRAAFHRL 70— 2[R
#H54R, 2019, 36(10): 1369-1381. [ LIU M J, WANG J R. Fruit
scientific research in New China in the past 70 years: Chinese
jujube[J]. Journal of Fruit Science, 2019, 36(10): 1369—1381. ]

[2] #wesd, MEh, TRE F RARARBNRERRSI AL
&4 1], B R A, 2016(3): 11-15. [ XUE X F, ZHAO A L,
WANG Y K, et al. Fruit quality analysis and comprehensive evalu-
ation of different jujube varieties[J]. China Fruits, 2016(3):
11-15.]

[3] SINA C, ION T, VIOLETA N, et al. Variation of bioactive

compounds and antioxidant activity of jujube(Ziziphus jujuba) fruits

at different stages of ripening[J]. Notulae Botanicae Horti Agro-
botanici Cluj-Napoca, 2017, 46(1): 134.

[4] RAHMAN E, MOMIN A, ZHAO L, et al. Bioactive, nutrition-
al composition, heavy metal and pesticide residue of four Chinese
jujube cultivars[J]. Food ence & Biotechnology, 2018.

[5] &, & 25k, F2, F. R $ERRAILE G BLIR A
7 [1]. & A F 3 AR F 4R, 2020, 38(6): 121-126. [ CAO Z H,
DONG Y W, LI C, et al. Study on polysaccharide extraction and
protein removal from Ziziphus jujuba Mill. cv Junzao[J]. Journal of
Food Science and Technology, 2020, 38(6): 121-126. ]

[6] A&, BREM, Ttk F. KB R TR AR R
(J]. % B % %, 2019, 39(7):22-28,36. [FU J X, SHAO J W,
WANG R H, et al. Resource distribution and health function of
jujube in ChinalJ]. China Fruit Vegetable,2019,39(7): 22—
28,36. ]

(7] #wesy, Mash EE, F AR R % cCAMP F2 ¢G-
MP 4547 [J]. 2 T A4, 2021,42(4): 208-214. [ XUE X
F,ZHAO A L, REN HY, et al. Analysis of cAMP and cGMP con-
tents in fruits of Chinese jujube germplasm resources[J]. Science
and Technology of Food Industry, 2021, 42(4): 208-214. ]

[8] MAlF. &2 Z 3 £AEH a3 Ae 52 AR AL 51
M E AR D). #F b R X5, 2019. [ YANG L J. Extrac-
tion, identification and anti-prostate cancer activity of triterpenoids
from Ziziphus jujube Mill. cv. Jinsixiaozao[D]. Jinan: Shandong
University, 2019. ]

[9] XIONGY, XIONG Y, ZHOU 8, et al. Vitamin C and E sup-
plements enhance the antioxidant capacity of erythrocytes obtained
from aged rats[J]. Rejuvenation Research, 2016: 1835.

[10] 8% . we R AALFAREDL. %54 E,
2006(5):27. [ DUAN J. Red food is good for the health of the eld-
erly[J]. Food and Health, 2006(5): 27. ]

[11] GOYAL R, SHARMA P L, SINGH M. Possible attenuation
of nitric oxide expression in anti-inflammatory effect of Ziziphus
Jjujuba in rat[J]. Journal of Natural Medicines, 2011, 65(3-4):
514-518.

[12] &2 KRAMNER T o) L R AAE R BER [D]. dw:
# 7 P E 2 K%, 2019. [LIY. Studies on the bioactive compon-
ents and action mechanism of jujube fructus reinforcing spleen and
stomach effects[D]. Nanjing: Nanjing University of Chinese Medi-
cine, 2019. ]

(13 ] X%, b, T2 5, F BAAKEERA BT
RIS %4 FF1,2019(27): 144. [LIUCY, YANG N, L1J
X, et al. Current research status of suanzaoren for improving sleep
quality [J]. China Food Safety Magazine, 2019(27): 144. |

[14] Z KL HPLC % Fl B & B RA= 4247 o B2 RA= 2.3
A T AR s B = H A4 ). F BTG %,2019,17(7):
30-32. [ WANG C Q. Simultaneous determination of jujube seed
saponin A and eugenol diglucoside in suanzaoren longmu mixture
by HPLC[J]. Journal of China Prescription Drug, 2019, 17(7):
30-32. ]

[ 15] JIANG J G, HUANG X J, CHEN J, et al. Comparison of the
sedative and hypnotic effects of flavonoids, saponins, and polysac-

charides extracted from Semen Ziziphus jujube[J]. Natural Product


https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.1007/s11418-011-0531-0
https://doi.org/10.3969/j.issn.1671-945X.2019.07.016
https://doi.org/10.3969/j.issn.1671-945X.2019.07.016
https://doi.org/10.1080/14786410701192827
https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.3969/j.issn.2095-6002.2020.06.015
https://doi.org/10.1007/s11418-011-0531-0
https://doi.org/10.3969/j.issn.1671-945X.2019.07.016
https://doi.org/10.3969/j.issn.1671-945X.2019.07.016
https://doi.org/10.1080/14786410701192827

- 204 - £ Tl B4

20224 1 A

Research, 2007, 21(4): 310-320.

[16] Z4 3. 2 XK RKA G H4H) [D]. R iE: REREKXF,
2019. [ WANG X Y. Research on Lingwu long jujube beverage
[D]. Tianjin: Tianjin University of Science and Technology, 2019. |
[17] EZmrA. mAr T8 X b TR A 89 58T 5
[D]. X#&F: M T &k X5, 2019. [ WANG P L. Experimental re-
serch on drying characteristics and quality of jujube powder by two
drying methods[D]. Tianjin: Hebei University of Technology,
2019. ]

(18] 3t KT Hieta X egm RA=A W R 5 A [D]. Kiv: 4
& P E % X %, 2020. [ GUO Q. Clinical application of Ziziphi
spinosae semen decoction based on prescriptions and syndromes[D].
Changsha: Hunan University of Traditional Chinese Medicine,
2020. ]

[19] e, RWA, A, F. RAEKIRE S R H
HE ] ZMKFFIR (EFRR),2021,47(2):29-32,38. [SUX
Y, ZHAO L J, ZHOU L Y, et al. Characteristics of sleep structure in
patients with primary insomnia[J]. Journal of Lanzhou University
(Medical Edition), 2021, 47(2): 29-32,38. ]

[20] WEIS, SMITS M G, TANG X, et al. Efficacy and safety of
melatonin for sleep onset insomnia in children and adolescents: A
meta-analysis of randomized controlled trials[J]. Sleep Medicine,
2020, 68: 1-8.

[21] CHENG T, MARIE W D, BIXBY P B, et al. Valium without
dependence? individual GABAA receptor subtype contribution to-
ward benzodiazepine addiction, tolerance, and therapeutic
effects[J]. Neuropsychiatric Disease & Treatment, 2018, 14:
1351-1361.

[22] XFE, T&sr, BR. —F RAEFEBIE R JERLH %A
BBy o BRIy ik, P H: CN1408257[P]. 2003-04-09. [ LIU M
J, WANG X H, CUI T. Method for separating and extracting jujube
cyclic adenosine phosphate syrup, dietary fiber and jujube wax,
China: CN 1408257 [P]. 2003-04-09. ]

[23] FMHBk. 8 RAAZORS R T EHR [D]. 2 Tk
AR K F,2009. [ LIS O. Studies on extraction procedures of ef-
fective components of semen Zizyphi sinosae[D]. Baoding: Hebei
Agricultural University, 2009. ]

[24] BMmE, WAAR, X&&, F. 00 @ EEAT LR F
EEERGRRIE ] P AMAH, 2016(3):23-27. [CAIY Q,
JIA Z D, WU Q Q, et al. Optimization of extraction technology for
flavonoids in wild Ziziphi spinosae semen using response surface
methodology[J]. China Feed, 2016(3): 23-27. ]

[25] x4k, e R M, X RAM. 3R 4 Yeik 5 B0 0y dh it b

[(J]. &% T A4, 2003(10): 106-108. [ LIUW, TU Z C, LIU C
M. Boiling granulation of instant lotus root powder with high diet-
ary fiber[J]. Science and Technology of Food Industry, 2003(10):
106-108. ]
[26] A4, Z#5, AF, F. L-FAER AR E BRI AL 0 UL
[7]. & A5 k, 2018, 40(2): 148-151. [QINH,LISF, HU Q, et al.
Sleep improvement by mangnesium-L-theonate in mice[J]. Acta Nu-
trimenta Sinica, 2018, 40(2): 148-151. ]
(27 ] BAdh, R £4E, FEH, F. LB E AL MR
R ], A RitE,2017,7(4):327-330. [ FENG W W,
WU M Y, DENG C M, et al. Study on the function of Ganoderma
lucidum Semen Ziziphi spinosae capsules on sleep improvement [J].
Progress in Biotechnology, 2017, 7(4): 327-330. |
(28] FArim, B2, SRCHE, 5. 7R ) A 2 0 35 R0 L SR B B
B ZACHE R [I). 87 58 Rk H 5, 2016, 53(8): 14361443,
[ MENG Y N, MA Y, ZOU S P, et al. Study on the different matur-
ity of Zizyphus jujuba cAMP contents[J]. Xinjiang Agricultural Sci-
ences, 2016, 53(8): 1436—1443. ]
[29] %mesn. AZERRHRFTRILASFHR [D]. 4M:
i TH K%, 2013. [ GUAN P X. Study on spray drying techno-
logy and quality of cantaloupe fruit powder[D]. Hangzhou: Zheji-
ang University of Commerce and Industry, 2013. ]
[30] 2k shdd. B8R RA=K 4 Fo ok S0 %) T % 69 )& 81 2 [D]. A&
R Hd a8 K 5, 2018. [ ZHANG C G. Comparative study of
fryed and microwave processing on suanzaoren[D]. Chengdu:
Southwest Jiaotong University, 2018. ]
[31] Fhmea, SRE3E, 23, F HFRA-ZEEAFARER
FRRI LG @XELLI] 85 EERZH, 2018,
29(3):568-571. [ SUN'SJ,GUO Y F, WANG Y, et al. Optimiza-
tion of extraction process of total flavonoids and saponins from se-
men Ziziphi spinosae and Polygala tenuifolia by response surface
methodology[J]. Lishizhen Medicine and Materia Medica Re-
search, 2018, 29(3); 568—571. |
[32] ‘kek, ski%, 2% F HFEMLIEHEL P 2R
Hrag st U] & & AF 50 5 I &, 2013, 34(8): 63—66. [ ZHU Z,
ZHANG C Z, WANG W J, et al. The study on preparation fast food
powder of red bean by extrusion puffed process[J]. Food Research
and Development, 2013, 34(8): 63—66. |
[33] A%, 24034, Bk, F RETHRARRER ML
TE . &RsR 54, 2010,31(9):99-101. [ HUANG S Z,
ZUOJJ,YAOY Z, et al. Study on processing technology of instant
jujube-maize tablets[J]. Food Research and Development, 2010,
31(9):99-101.


https://doi.org/10.1080/14786410701192827
https://doi.org/10.1016/j.sleep.2019.02.017
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.1080/14786410701192827
https://doi.org/10.1016/j.sleep.2019.02.017
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.1080/14786410701192827
https://doi.org/10.1016/j.sleep.2019.02.017
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.1080/14786410701192827
https://doi.org/10.1016/j.sleep.2019.02.017
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1002-0306.2003.10.035
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028
https://doi.org/10.3969/j.issn.1005-6521.2010.09.028

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 枣浓缩液和酸枣浓缩液的制备
	1.2.2 酸枣仁浓缩液的制备
	1.2.2.1 炒制温度对酸枣仁总黄酮的影响
	1.2.2.2 炒制时间对酸枣仁总黄酮的影响
	1.2.2.3 料液比对酸枣仁总黄酮的影响
	1.2.2.4 超声时间对酸枣仁总黄酮的影响
	1.2.2.5 响应面试验优化
	1.2.2.6 酸枣仁总黄酮含量的测定

	1.2.3 速溶枣粉配方优化
	1.2.3.1 酸枣浓缩液添加量对速溶枣粉风味的影响
	1.2.3.2 白砂糖添加量对速溶枣粉风味的影响
	1.2.3.3 麦芽糊精添加量对速溶枣粉风味的影响
	1.2.3.4 奶粉添加量对速溶枣粉风味的影响
	1.2.3.5 正交试验法优化速溶枣粉配方
	1.2.3.6 感官评定方法

	1.2.4 速溶枣粉的干燥制备
	1.2.5 速溶枣粉改善小鼠睡眠的作用
	1.2.5.1 分组、给药及睡眠测定方法
	1.2.5.2 速溶枣粉对小鼠自主活动的影响
	1.2.5.3 戊巴比妥钠阈下剂量催眠试验
	1.2.5.4 戊巴比妥钠睡眠潜伏期试验
	1.2.5.5 延长戊巴比妥钠睡眠时间试验

	1.2.6 速溶枣粉营养成分测定
	1.2.7 物理性质测定

	1.3 数据处理

	2 结果与分析
	2.1 酸枣仁黄酮提取液的制备
	2.1.1 炒制温度对酸枣仁总黄酮含量的影响
	2.1.2 炒制时间对酸枣仁总黄酮含量的影响
	2.1.3 料液比对酸枣仁总黄酮含量的影响
	2.1.4 超声时间对酸枣仁总黄酮含量的影响
	2.1.5 响应面优化富含总黄酮的酸枣仁提取液制备工艺

	2.2 速溶枣粉的口味调配
	2.2.1 酸枣汁浓缩液添加量对枣粉口味的影响
	2.2.2 麦芽糊精添加量对枣粉口味的影响
	2.2.3 白砂糖添加量对枣粉口味的影响
	2.2.4 奶粉添加量对枣粉口味的影响
	2.2.5 速溶枣粉配方正交试验优化结果

	2.3 睡眠友好型速溶枣粉沸腾制粒工艺
	2.4 睡眠友好型速溶枣粉改善小鼠睡眠的效果
	2.4.1 枣粉对小鼠自主活动的影响
	2.4.2 枣粉对戊巴比妥钠阈下剂量催眠的影响
	2.4.3 枣粉对巴比妥钠睡眠潜伏期的影响
	2.4.4 枣粉对延长戊巴比妥钠睡眠时间的影响

	2.5 睡眠友好型速溶枣粉营养成分
	2.6 睡眠友好型速溶枣粉物理性质

	3 结论

