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Abstract: To overcome the residual effects and other adverse reactions associated with conventional insomnia medications, this study
used a combination of medicinal and edible Chinese herbs, namely Ziziphi Spinosae Semen, Poria, Lilii Bulbus, Longan Arillus, Glycyrrhizae
Radix et Rhizoma, and Lycii Fructus, as primary ingredients. The optimal formulation was determined through single-factor experiments and
response surface methodology optimization. The sleep-promoting effects were comprehensively evaluated using mouse sleep tests, open field
tests, and measurements of neurotransmitter levels in brain tissue.The results showed that the optimal herbal formula for the sleep-promoting
beverage consisted of 6 g Poria, 8 g Lilii Bulbus, 7 g Longan Arillus, 9 g Lycii Fructus, and 5 g Glycyrrhizae Radix et Rhizoma. In 50 g of this
herbal decoction, the added ingredients were 0.8 g Ziziphi Spinosae Semen, 0.2 g L-theanine, 2.0 g pomegranate juice, 1.0 g high-fructose corn
syrup, and 0.2 g y-aminobutyric acid (GABA).The beverage did not induce sleep directly in mice; however, all dosage groups showed
significantly shortened sleep latency (by 3.32, 4.03, and 4.41 min, respectively) and markedly prolonged sleep duration (by 21.60, 38.19, and
43.61 min, respectively). The open field test demonstrated that the beverage reduced mouse excitability and diminished spontaneous locomotor
activity. Furthermore, in the high-dose group, brain levels of 5-hydroxytryptamine (5-HT) were significantly increased, while dopamine (DA)
levels were significantly decreased. The level of y-aminobutyric acid (GABA) was significantly elevated in all dose groups.In conclusion, this
study successfully developed a uniquely flavored composite beverage with sleep-improving properties, providing a solid theoretical basis for the
development of medicinal and edible resources for sleep enhancement.
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Table 1 Table of factor levels for the formulation of traditional Chinese medicine decoction

KFIBE AKFlG BaSNg CARIKG DHLT

1 6 6 5 6
2 8 8 6 7
3 10 10 7 8
4 12 12 8 9
5 14 14 9 10

w2 BEFHERITHR
Table 2 Uniform design scheme of traditional Chinese medicine decoctions
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Table 3 Factor level table of the response surface experiment
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Table 4 Sensory evaluation score sheet of the sleep-aiding beverage
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Table 5 The content of active substances in different traditional Chinese medicine decoctions

W EEE(mgmL?Y)  EEE/(ugmlh)  EEH/(mgmLh

1 19.1940.07° 126.7745.13° 3.3540.07%
2 14.5340.13° 124.1243.71° 2.7740.08°
3 17.8640.49° 126.0643.09% 3.4340.11°
4 12.1046.20° 95.7945.09° 3.2040.08°
5 12.6440.30° 94.4241 68° 2.2940.10°

E: HAEATH MeanaSD (n=3) F|—3| ¥ FHEFRE, £AFZHFHRERF (P<0.05).
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Table 6 Results of response surface experiments for the formulation optimization of sleep-aiding beverage

Ky ARG B-L-FAM/g C-aAgitlg D-REMEEG RERLI

1 0.6 0.1 2 1 74.3
2 1 0.1 2 1 79.8
3 0.6 0.3 2 1 80.6
4 1 0.3 2 1 80.2
5 0.8 0.2 15 05 73.8
6 0.8 0.2 25 0.5 81.3
7 0.8 0.2 15 15 825
8 0.8 0.2 25 15 79.5
9 0.6 0.2 2 05 82.4
10 1 0.2 2 05 80.3
1 0.6 0.2 2 15 78.1
12 1 0.2 2 15 83.4
13 0.8 0.1 15 1 73.8
14 0.8 0.3 15 1 77.1
15 0.8 0.1 25 1 78.3
16 0.8 0.3 25 1 78.4
17 0.6 0.2 15 1 76.0
18 1 0.2 15 1 79.6
19 0.6 0.2 25 1 80.8
20 1 0.2 25 1 80.7
21 0.8 0.1 2 0.5 79.7
22 0.8 0.3 2 0.5 78.9
23 0.8 0.1 2 15 77.9
24 0.8 0.3 2 15 82.8
25 0.8 0.2 2 1 89.7
26 0.8 0.2 2 1 90.5
27 0.8 0.2 2 1 90.6
28 0.8 0.2 2 1 91.5
29 0.8 0.2 2 1 91.2
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Table 7 Results of the analysis of variance for the regression model

KR BEFFT A B A #r F1& P1& BEMH
AEA 704.68 14 50.33 49.41 <0.000 1 o
A-BRRA= 11.60 1 11.60 11.39 0.004 5 o
B-L- A A 16.80 1 16.80 16.49 0.0012 *x
C-mAgt 21.87 1 21.87 21.47 0.000 4 *x
D-R AR 5.07 1 5.07 4.98 0.042 6 *
AB 8.70 1 8.70 8.54 0.0111 *
AC 342 1 342 3.36 0.088 2 ns
AD 13.69 1 13.69 13.44 0.0025 o
BC 2.56 1 2.56 251 0.1353 ns
BD 8.12 1 8.12 7.97 0.0135 *
CD 27.56 1 27.56 27.05 0.000 1 ok
A? 162.16 1 162.16 159.17 <0.000 1 o
B? 299.94 1 299.94 294.40 <0.000 1 o
c? 299.94 1 299.94 294.40 <0.000 1 o
D? 128.45 1 128.45 126.08 <0.0001 *x
KE 14.26 14 1.02
KINR 12.32 10 1.23 2.54 0.1912 ns
Wiz £ 1.94 4 0.48
B e 718.95 28
R?=0.980 2 R?5;=0.960 3

E: P<00l AMEE, A*EkT; P<005AHRE, A*kT; P>005AFREE, A ns kT,
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Fig.2 Response surface image of the interaction between various factors
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XTRIRCE S 20, BBl SeH . SR, MRS E A pH A TIE, S5RWE 8 . ME
B P B R AR AR 2RI VO N B B R R R, SR AN 28624143 mgmL*,
408.0944.60 pg'mL™. 10.8740.25 mg mL™.
% 8 MIERIARI mRITN SR
Table 8 Quality evaluation results of sleep-aiding beverage

A Sz
% 2 48/(mg mL™) 28.62+1.43
B &R/ (g mL™) 408.09+44.60
%2/ (mg mL™) 10.8740.25
BB LY 2.500.01
pH 4.5340.01
=Tt B 401% 8.9740.06
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Fig.3 The effect of sleep-aiding beverage with different dosages on the body weight of mice
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Table 9 The effect of sleep-aiding beverage on the direct sleep of mice

WA HMBIA NBEHUR REIRE/Y%

EYLm 10 0 0
TRAF 48 10 0 0
Gkl ! 10 0 0
SRR ! 10 0 0

253 WrRIRE B L =3 KRR R ra
2P e R, 10/ B BRI E AR ST LA RIS 1), S5 SR n3R 10 PR 52 A4UHEE, (K. . EE
2H 1/ BRI AR 2B 40 (P<0.05), Z0Jl4E%E 1 3.32% 4.03. 4.41 min, JFEFIEME, /INEICHEEARE R 1
. [EI, 57 A4, SRS /)N SRR () 2 e (P<0.05), ZrAl#&hn 1 21.60. 38.19. 43.61min, 5
IR ZHAREL, RS 2EUR oy A P AR N B A7 A S 2B PR 22 S, I L BRI ] B 70 B P T T 3
< 10 BRRRERRHANE K B e Z 8 N R S LI S REAR A
Table 10 The effect of sleep-aiding beverage in synergy with the suprathreshold dose of sodium pentobarbital on the sleep of mice

0% FHASR  BRIRAMKHA/min BRERAT 18] /min

wé 10 9.92:H.34° 32.0544.49°
&7 Z48 10 6.6042.41° 53.6547.48°
Lkl ! 10 5.8942.00° 70.2444 AT
EFik ! 10 5.514.73° 75.6649.10%

E: ARNBFEATEAREMER (P<0.05).
254 WREIRELZAB T H 23 RAEIRE R h

2SS e S, sk 30 min /N RRBIRERR R . 43R 11 FoR, 28 /DR I RERR R 10%,  fFA ) L2
BN R TR RN R IR PRI R SR, (K. . S AR/ R RERRZE 73 1) 2 30%- 40%F11 60%. 573 414

be, ARSI T/NRIOREIRER, JF B, AMERM S, ST Fo 4 RAR L.
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Table 11 The effect of sleep-aiding beverage in synergy with the sub-threshold dose of sodium pentobarbital on the hypnosis of mice
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Fig.4 The effect of sleep-aiding beverage on the spontaneous activity of mice
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Table 12 The effect of sleep-aiding beverage on the organ indexes of mice

BEMR Eae  RKAEL  FREA  SREa
F 10714082 10.89+.05 10.8640.97 10.630.69
JF 33454294 33974304 3503+2.03 35.5644.07
5 12.8540.99 125927 11.8143.95 13.27#4.71
i 2134049 2204061 1924062  2.62:1.53
5 485451 5014087 5074051  4.6940.28
i 5454080 5124059 5154063  5.3640.90

257 st RAn44R 5-HT. GABA. DA 42 ¢%h

MR, KIKSMAN 5-HT. DA, GABA SEMAEH I VIM K. 5-HT, XNRRIEZER, =& —FmiiEah
25805, B IR AR B E B, EARPOGEIES) (NREM) BEAR FE e, Ve BERRYE OR B AN 1 [a] e R H
FEVE R R RTAR I B T2, DA RS ar 28T, 4 D1, D2 2RI B T ALANG
), ATHERERRASPY, X 5 HT 8K DA S &nmy, wIase ki, GABA & ki 2 4 i
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Fig.5 The effect of sleep-aiding beverage on the contents of neurotransmitters in the brain tissues of mice

3 Zhig

AW TEE DR g e Rl b 2 5 BRSNS &, IR T — SO R A IR CR . 8RR,
BIHRTORI R 253 007 IR% 6 9« EH& 89 BRI 79, MIiC 9g FIHEL 59, 50 g BIARYCEHHERINER 44 0.8 g,
L-Z% 2% 0.2 g A 2.0 g RATHER 1.0 g, FERLSFAT N BIRVCRH B E 2 9 90.9 70 (E I S-S BIIRTCEE - 30
d &, BEWSA Rk NSRBI AR, om0 SRR RIS 1), /N BB VA BhRE I B R Is5 . R, BiFgeas it
PR E A BIIRYCRAE Alig At T ge il P ZH 24 5-HT. DA A1 GABA &, JEREM AT A2 1557 5 111
VA2 5T 2 (] IR A T, AR BCE IR AT . HIR A AU A 1y fe 22t — 2D it iT.

B I

[1] EMERT S, HUSKEY A, NAGY S, et al. Cognitive Behavioral Therapy for Insomnia Outcomes: Insomnia Identity and Insomnia Severity
[J]. SLEEP, 2025, 48(Supplement_1): A252.

[2]  ERE AL A5, A5 BERRAL REFAIT 0T e []. o [ 42 7RHBE 272, 2024,27(35):4364-4369.

[31 JIAF SHISY, FEI SF, et al. Association of insomnia, lipid profile, and lipid-lowering medications: a narrative review [J]. Reviews in
Cardiovascular Medicine, 2025, 26(1): 24978.

[4] GALLAGHERV T,REILLY S E, WILLIAMS I C, et al. Patterns of sleep disturbances across stages of cognitive decline [J]. International
Journal of Geriatric Psychiatry, 2023, 38(1): e5865.

[5] BHATT P, PATEL V, MOTWANI J, et al. Insomnia and cardiovascular health: exploring the link between sleep disorders and cardiac
arrhythmias [J]. Current Cardiology Reports, 2023, 25(10): 1211-1221.

12



MREmEBHY Modern Food Science and Technology 2027, Vol.43, No.6

(6]
[7]
8l
(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]

LIM D C, NAJAFI A, AFIFI L, et al. The need to promote sleep health in public health agendas across the globe [J]. The Lancet Public
Health, 2023, 8(10): €820-e826.

PAUL S, VIDUSHA K, THILAGAR S, et al. Advancement in the contemporary clinical diagnosis and treatment strategies of insomnia
disorder [J]. Sleep Medicine, 2022, 91: 124-140.

| R 2 W A 4 b e N RN 24 84— B IM] AL 3T v [ B 24 R Hs Hi Rk, 2025 394-395

GBS, 2R3, AR, A FRAVC AL sy s 2GR I S R S T T FRR []. P B 242741, 2021,49(2):110-114,

BIAN Z H, ZHANG W M, TANG J Y, et al. Mechanisms Underlying the Action of Ziziphi Spinosae Semen in the Treatment of Insomnia:
A Study Involving Network Pharmacology and Experimental Validation [J]. Frontiers in Pharmacology, 2021, 12: 752211.

RSBk, AR, AT AR 22, 55 ARZSAG 2 B3 AN 2 A AT 73 i Ao b ;54 R T 23 #7 [9]. HH 5224,2020,51(10):2703-2717.

GAO Y Q, YAN HUA, JIN R R, et al. Antiepileptic activity of total triterpenes isolated from Poria cocos is mediated by suppression of
aspartic and glutamic acids in the brain [J]. Pharmaceutical Biology, 2016, 54: 2528-2535.

WANG T T, HUANG H H, ZHANG Y, et al. Role of Effective Composition on Antioxidant, Anti-inflammatory, Sedative-Hypnotic
Capacities of 6 Common Edible Lilium Varieties [J]. Journal of Food Science, 2015, 80(4): H857-H868.

MA'Y, MA H, EUN J S, et al. Methanol extract of Longanae Arillus augments pentobarbital-induced sleep behaviors through the
modification of GABAergic systems [J]. Journal of Ethnopharmacology, 2009, 122(2): 245-250.

TR MO B H 1, R R PR R KR S B . R R AR 2 WS e (). R 1240, 2020,23(6):1208-1210.

GB 12456-2021. £ i 2 4 B R ARE £ i U BRI IELS].

GB/T 12143-2008. JURHE I 73 H 7 1%[S].

GAO S, CALDERON D P. Robust alternative to the righting reflex to assess arousal in rodents [J]. Scientific Reports, 2020, 10(1): 20280.
HUNSLEY M S, PALMITER R D. Altered sleep latency and arousal regulation in mice lacking norepinephrine [J]. Pharmacology,
Biochemistry and Behavior, 2004, 78(4): 765-773.

YU L L, HAN X, CEN S, et al. Beneficial effect of GABA-rich fermented milk on insomnia involving regulation of gut microbiota [J].
Microbiological Research, 2020, 233: 126409.

WANG Y, CHANG J, WANG M L, et al. Effect of the composition of coating water retaining agent on the quality of conditioned chicken
meatballs after frozen storage [J]. Food Control, 2024, 166: 110752.

SKIE, AR IR TR AR, S TR R SO R 5/ BROBERIR T RR OB 7 [0]. B 22 425 11),2021,21:116-118.

YARIBEYGI H, HEMMATI M A, NASIMI F, et al. Empagliflozin alleviates diabetes-induced cognitive impairments by lowering
nicotinamide adenine dinucleotide phosphate oxidase-4 expression and potentiating the antioxidant defense system in brain tissue of
diabetic rats [J]. Behavioural Brain Research, 2024, 460: 114830.

KRISHNAMOORTHY N K, ROOHI T F, PEDDHA M S, et al. Evaluation of Antidepressant Activity of Capsaicin Nanoemulsion in
Nicotine Withdrawal-Induced Depression in Mice [J]. Brain Sciences, 2023, 13(12): 1668.

IR B RA, A ST, A5 T AU - B AP0 SR MR B R 5 £ FH AT LGB 9 [, w1 b 5 71,2024, 35:87-93.

ZHANG R F, ZHANG L J, JIANG D S, et al. Mouse organ coefficient and abnormal sperm rate analysis with exposure to tap water and
source water in Nanjing reach of Yangtze River [J]. Ecotoxicology, 2014, 23(4): 641-646.

VASEGHI S, ARIMANDI-RAD S, ESKANDARI M, et al. Modulating role of serotonergic signaling in sleep and memory [J].
Pharmacological Reports, 2022, 74(1): 1-26.

HENNER G. On the role of serotonin in sleep regulation and depression. A commentary on "Neurobiological bases for the relation
between sleep and depression™ (J. Adrien) [J]. Sleep medicine reviews, 2003, 7(1): 101-102.

MONTI J M, JANTOS H. The roles of dopamine and serotonin, and of their receptors, in regulating sleep and waking [J]. Progress in
Brain Research, 2008, 172: 625-646.

LI K, XU E. The role and the mechanism of y-aminobutyric acid during central nervous system development [J]. Neuroscience Bulletin,
2008, 24(3): 195-200.

JIANG J G, HUANG X J, CHEN J. Separation and purification of saponins from Semen Ziziphus jujuba and their sedative and hypnotic
effects [J]. Journal of Pharmacy and Pharmacology, 2007, 59: 1175-1180.

13


https://www.x-mol.com/paper/journal/2785

MREmEBHY Modern Food Science and Technology 2027, Vol.43, No.6

[32] KIM S, JO K, HONG K B, et al. GABA and L-theanine mixture decreases sleep latency and improves NREM sleep [J]. Pharmaceutical
Biology, 2019, 57(1): 64-72.
[33] iz, Tk, KA, A5 A H MR S 0 st/ SRR TH AT 7T [3]. B 2 4 EeR N 27412, 2025,16(3):208-213.

14



