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Abstract: Dried longan, dried goji, and dried jujube were used as raw materials to develop a nutritional meal replacement powder that
could regulate the intestinal flora. The process of crushing these raw materials was optimized and evaluated using an orthogonal experimental
design. Other nutritional ingredients were added using a mixture design. Next, fluidity, stability, and sensory scores were used as testing
indicators to determine the optimal formulation of the longan-goji-jujube nutritional meal replacement powder. In addition, the effect of the
nutritional meal replacement powder on the intestinal flora was evaluated. The results showed that the optimal processing of the compound fruit
powder was as follows: using whey protein as a supplemental material, the mass ratio of raw material to supplemental material was 1:1.5, and
the freezing ultrafine grinding time was 150 s. The ratio of the 3 raw materials was dried longan: dried goji: dried jujube=3.59:4.60:1. The
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nutritional meal replaement powder was developed based on the proportion of the mixture design. The optimal proportion of longan-goji-jujube

nutritional meal replacement powder was determined using a mixture design as follows: 50% compound fruit powder, 5% whole milk powder,

5% plant fat powder, 10% puffed rice powder, and 30% maltodextrin powder. The obtained longan-goji-jujube nutritional meal replacement

powder showed good stability, sensory scores, and nutritional balance. The longan-goji-jujube nutritional meal replacement powder significantly

promoted the growth of members from Lactobacillus, Bifidobacterium, and Bacteroides and Akkermansia muciniphila, as well as the production

of short-chain fatty acids, particularly acetic acid and butyric acid. Thus, the longan-goji-jujube nutritional meal replacement powder showed

regulatory effects on the intestinal microbiota in vitro.
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Table 5 Sequence of primers for intestinal microbiota

BE sk 51455 (5-37)
i . LACFP  CAGCAGTAGGGAATCTTCCAC
SLEATH B
LAC-RP  GGCTTCTGGCACGTAGTTAG
., BIFFP CAATGGCGAAGGCAGGTCT
A B

BIF-RP  GCGTGGACTACCAGGGTATCTAATC
BAC-FP TCGAAAGTGTGGGTATCAAACA

WATH B
BAC-RP CTGTATATCGCAAACAGCGAGT
_ . AKK-FP  CAATGCCCAGTACAGAGGGG
M2 KA
AKK-RP CGTAGCTGATGCGCCATTAC
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Table 6 Orthogonal experiment result and result analysis

R& A B C =51 2F 2 =73 WEEFR% REERY%  EH
1 1 1 1 1 1 1 47.04 5.57 0.30
2 1 2 2 2 2 2 4534 5.02 0.21
3 1 3 3 3 3 3 62.43 532 0.42
4 1 4 4 4 4 4 63.07 422 0.28
5 1 5 5 5 5 5 59.81 4.07 0.23
6 2 1 2 3 4 5 40.64 5.26 0.20
7 2 2 3 4 5 1 79.46 5.26 0.59
8 2 3 4 5 1 2 59.39 5.19 0.38
9 2 4 5 1 2 3 61.11 527 0.40
10 2 5 1 2 3 4 70.06 5.00 0.46
11 3 1 3 5 2 4 5131 5.50 0.34
12 3 2 4 1 3 5 65.13 4.74 0.37
13 3 3 5 2 4 1 79.42 4.64 0.50
14 3 4 1 3 5 2 46.01 442 0.14
15 3 5 2 4 1 3 50.85 3.80 0.10
16 4 1 4 2 5 3 66.74 5.48 0.49
17 4 2 5 3 1 4 64.35 5.74 0.50
18 4 3 1 4 2 5 90.68 5.40 0.72
19 4 4 2 5 3 1 82.15 6.31 0.76
20 4 5 3 1 4 3 81.72 5.55 0.65
21 5 1 5 4 3 2 60.68 7.48 0.70
22 5 2 1 5 4 3 67.10 5.79 0.53
23 5 3 2 1 5 4 75.57 5.70 0.61
24 5 4 3 2 1 5 76.18 4.98 0.51
25 5 5 4 3 2 1 78.64 5.01 0.54
K, 145 203 215 234 1.80 2.69
K, 202 221 188 217 222 143
K, 145 263 251 181 271 2.60
K, 311 210 206 239 2.16 2.18
Ks 290 198 233 223 2.05 2.03
ky 029 041 043 047 0.36 0.54
ks 040 044 038 043 0.44 0.29
ks 029 053 050 036 0.54 0.52
ky 062 042 041 048 0.43 0.44
ks 0.58 040 047 045 0.41 0.41
R 166 065 063 058 091 127

HEE ok A>B>C
S A4B;Cs

e BRI R 5

FEEENR T IR HE RN 2R KRR 2R LK.

K, BREERRE AR, NIRRT mL,
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BARENE (p>0.05). KB SEdEm ), oK.
K et EVEN IR R, B R
(p<0.05). Bk, FELRAVEIT, SABRA BENERTE
WAERHNME, UENEFEMTIZHTRR. MNeRE
P H Quadratic [ FRER T /00T, B 255 VF4H)
ISR, T7 220 A R AR 10, 187 220 S IR
R F AHSE 5.2929>Fo05 (9,10) =4.9424, X FEHIFAIG
HEE (p<0.01), REBIRIGFHHHR S HFR SLEVF 2
[R5 £ [AJ), RAUITF 18 0.2796 K H: P {# 0.9059,
TR A RE . JUERE (R N 0.8265, X%
B 82.65% RS E AR AR T A& (AL B, C
D)o KEJE AR RS Rag™=0.6703, FIIBIRLTFE
RERF A A 2 B AL 5 2 [RIIR R e BEIEJEARSE
AR RECN 3.48%, UEHHEEEE R, xues FE
PR 2 AR S 26 S R FLEOR &R, T LA
B S 2 s S L UE Y eey S el EI) S g

25 & VF 4 =25.52A-1797.62B+74.40C+73.04D+
1905.60AB+115.49AC+44.22AD+2015.29BC+2410.26
BD-15.11CD (19)

XFEVATT AT /A it 5, AR IR- M AT- 21 %
B IR T BT N E A BRI InE A
50%, SFRUPRISINEN 5%, HEYIRTIRSINEAN
5%, SRR 10%, ZHFRIERNERN
30%, e L TIAERL, = VORI 2,
BRI A E R R oK RS KGE . FRoE it
SrERRERTTE] B PE A 77.74% 1.88 g/g.
16 RVU. 0.97. 68.50 min. 98.00, ZE&¥Esr (90.52)
HIA (88.62) BUNYE, HEVELF, Ui
132N BRI PT 5E

xR 7 EXREHFEDER
Table 7 Variance analysis table of score

Z R SS df MS  FAEL  Fpgs (420)  Foo (4,20)
A (HAH) 0.49 0.124  5.64%*
B (R¥#H &)  0.05 0.013
L 2.87 443
C (Rimwrsatia]) 005 2 0012
RE 044 20 0.022
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Table 8 D-optimal mixture design and the result

KIS A AN BHEMIES  CAkBAH D EF#HE C/% HR% WAI(gg) WSI% #/RVU BEMK H8AAEHE/min AEIESy  S5Fs
1 0.32 0.00 0.38 0.30 2072 0.70 2.38 67.92 31 0.88 4130 78.00 73.46
2 0.30 0.03 0.48 0.20 3043 0.70 2.60 66.54 34 0.95 38.50 95.00 77.39
3 0.40 0.08 0.26 0.27 292 071 221 72.76 27 0.90 39.50 76.00 73.33
4 0.24 0.00 0.33 0.43 28.18  0.72 2.14 68.77 22 0.93 40.20 66.00 71.22
5 0.38 0.00 0.24 0.38 31.03  0.69 2.02 73.09 20 0.96 35.20 73.00 72.16
6 0.12 0.00 0.32 0.56 3478 0.65 2.21 72.40 17 0.94 34.10 73.00 73.44
7 0.30 0.03 0.48 0.20 2857  0.71 2.69 66.53 10 0.93 41.30 90.67 84.83
8 0.10 0.00 0.20 0.70 3125 0.69 1.72 77.00 30 0.93 39.80 75.67 71.67
9 0.23 0.10 0.35 0.31 28.1  0.72 2.34 69.96 22 0.96 50.10 70.00 77.15
10 0.40 0.00 0.40 0.20 2932 0.71 2.46 68.18 48 0.90 39.50 93.00 75.56
11 0.15 0.00 0.54 0.31 3145  0.69 2.93 62.60 27 0.95 48.30 71.00 77.34
12 0.24 0.05 0.20 0.51 2752 0.72 1.84 76.21 15 0.90 46.10 81.00 78.41
13 0.23 0.10 0.35 0.31 29.17  0.71 2.24 70.94 22 0.85 52.30 81.00 78.84
14 0.10 0.00 0.70 0.20 3926 0.61 3.57 56.28 34 0.72 47.60 70.00 75.61
15 0.10 0.03 0.43 0.44 3028  0.70 2.59 66.40 20 0.82 57.50 69.50 79.05
16 0.10 0.08 0.62 0.20 3277 0.67 3.24 60.00 39 0.77 59.10 73.33 79.51
17 0.10 0.08 0.62 0.20 3277 0.67 3.24 60.00 39 0.77 59.10 73.33 79.51
18 0.10 0.10 0.20 0.60 3130 0.69 2.06 76.79 10 0.86 57.90 89.00 88.37
19 0.24 0.05 0.20 0.51 36.59  0.63 1.75 78.66 14 0.87 58.20 95.00 85.77
20 0.10 0.03 0.43 0.44 3358 0.66 2.77 67.39 24 0.87 56.80 73.00 80.48
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9 fEFMEEUER
Table 9 Summary of the model parameters

BiF BAEEAR M| A2 p i R’
. 821.77A-3226.15B+154.50C+137.65D-7188.43AB-2125.68AC-2105.50AD+3834.64BC
R +4560.17BD-384.19CD+21096.56ABC+17598. 14ABD+4697.87ACD-9159.84BCD 04795 0-7054
N 57t et e
Kot Cubic 66,81 A-856.53B+62.72C+109.00D-2177.06AB-444. 11 AC-494.60AD+1196.9TBC-+ 00001 0.9943
1326.72BD-58.19CD+6286.87ABC+5492.44ABD+934.26ACD-2929.00BCD
47\%9;‘ -789.11A+1994.10B-34.15C-55.06D+9636.91 AB+2097.69AC+2108.23AD-2743.00BC 1 1o 0
#5528t 18] -4087.35BD-28063.57ABC-15078.14ABD-4522.29ACD+15148.73BCD
17 Linear  29.27A-18.60B+46.86C+4.29D 0.0454  0.3859
B 5.32A-0.64B+4.93C+0.96D-3.13AB-8.53AC-6.04AD-1.44BC+8.19BD+0.93CD <0.0001  0.9924
A8 M Ouadratic -0.06A+6.93B+0.35C+0.90D-4.52AB+3.00AC+1.17AD-5.96BC-8.46BD+0.07CD 0.0464  0.7360
Fz 10 ZEESEVIERM S ES R
Table 10 Variance analysis table of comprehensive score regression model
2R Fo Ao o ¥ F {8 Pt BEM
AR 348.1580 9 38.6842 5.2929 0.0078 o
KR AR 1342525 3 447508 6.1230 0.0124 *
AB 65.9127 1 65.9127 9.0184 0.0133 *
AC 18.1231 1 18.1231 2.4797 0.1464
AD 2.8535 1 2.8535 0.3904 0.5461
BC 74.8129 1 74.8129 10.2361 0.0095 o
BD 102.1881 1 102.1881 13.9817 0.0039 o
CD 1.2600 1 1.2600 0.1724 0.6868
KRE 73.0870 10 7.3087
PV 15.9709 5 3.1942 0.2796 0.9059 rEBF
4R £ 57.1161 5 11.4232
BRF 421.2451 19
R™=0.8265  Rag’=0.6703 C.V.%=3.48%

E: *ERRE, p<0.05; **EFMEE, p<0.0l.

x 1 ERAC-LIEEFRHRIR D R HRELL

23 RR-AAT-LD R T IR BB IR KA

Table 11 Composition and energy supply ratio of nutritious meal

replacement powder composed with longan, goji and jujube

BA BT HRE%
At ¥/(kcal/100g)  398.18
&8 R/(g/100 g) 253 25.82
R&5/(2/100 g) 5.8 12.88
BRARALAM/(2100g)  60.1 61.33
2 #/(g/100 g) 1.5
4M/(mg/100 g) 101
K /(/100 g) 6.75
K 5/(g/100 g) 2.1

JEHR-MIRC-ZL S R R K E TR AR 11 B
Ny EFREOR IR U B LS R R A AR )
Friedt, EEIURMEAFORIE 2 NETEAS
FPEULISE — RV, ZE IR IR
etz N (o R R ) PR E Y 30%:
WA EVIRHERELL S 60% AT, FFEa MW —% /MK
BB L ERZANETRTCR, BEEAE =T
AR BESUAEPAAE, ZE R
Wbk, EEZFAREEM. AN, a2 RS
BN 1.50 g/100 g, HRAERTHIRT 70 2 & M e 2B PR
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SATHER 2 85 R0 LA (R 2 P
24 BIBMMRIb X R T A B R A 1R

WU B AN LR T A2 1 P L A AR v s ST
BRI A2 E N AR 18 R 1 2 S A, AR
FRILYERF I IE () IE A IhRE ;[ 2 IR eSS M
EhEE, BB AR, Bk, AWFRER A
VAN SN a1 BB A R T (WA= 1= 22/ DAl 7B
W FLRRAT 8 DU B TR $OUFT 18 & AT e 2 PR
QR GERILE 1 FR. 52 A4, RHR-HIA-
LIRS FREMTEEAN R SRR e et 4 PhEg
W5, HAE 0~6 h ], 4 FhEEs s, 6~24 h
BT R « TEHR-MIAC -2 40E FEBH 5 FURRAT I 1)
WFARCRTE 6 h F1 24 h 52658402, (HYE 12 h K T4
i (p<0.05), {HEZE S TSN A, WHR-28-H)
OB FRABENH R ST R G5 R R 0 0 T4 K,
BT ERIELH . 3 N RIBEZH HAT B R A
FOHHUAT BB BOR . TR IR- M- 20 208 7R k>
B> AR o 3 AN R IREZE ] 7 2 A = P B
Sk AN 0 HR 2 PG TSR A Y, R T R R
LIRSS FREN . LR, RHR-Mf-a &

a

85t

% 80} q
§ 7.5F \id
e 70} .
~ L C
E 65

E 6.0 = BC
w55t - PC
g 5.0 i 1 1 1 _A_ CIF‘
& 0 6 12 18 24

Time / h

XA B JEE & / (Ig copies/uL) <

WA EJEEE / (Ig copies/ul) o

0 6 12 18 24
Time / h

ki 77 2 B B0 / (g copies/ul) &

R il o AR A S TR E A

e MR TR A2 M TE AR AR I 2 =), AT
FOHT T RHR-MIAC- L0 RS FRBR T SCFAs [1)
FhRAIE R, 4R NE 12, HETH, £0 h i, 5
FIXTREZE . A LRI 4K BH X HEZH 1) SCFAs & &5
BUK, &L 24 h IR, 3 HREEY)H SCFAs &
RN FEIFREEE RN, Aok 208 0 B AR 7 R
RHYILEN 1.88 pL/mL &5 822 pL/mL, 2
337.23%, 573 (T IR AP o R LA L, 40504 2
T 262.11%A 38.15%. S5 HHMIL, &krReRESe
RO WM TS E, HRSREN TR L%>
PR (p<0.05); SFHMXHAHEL, #hrh TRRM R
FREERS (p<0.05), NEREEMHERD. HEn]
A1, IR -MRC -2 AL B S 3 0 R i T IR
RHRE TR IR, LR WHiE N E a2 M —FE
FERRIIR, EEAHMAONT. NI, KINEEAZUtRE,
Z 50 A A AR AR, TR R A
HEREEORIE, RSN, T UMIsE, Mk
s P R IEE B, I, -l
FRAR R N R B IR

65 -=BC £

(I) 6I 1I2 1I8 2I4
Time /h

28 r
2.6+
24 r
22 r
2.0+
18|
1.66 |
1.4}
1.2

0 6 12 18 24
Time / h

E 1 RINEBRSEABTERE (). BUIHFERE b). HFERE (o) MMESKEE (1) HETW
Fig.1 The number of Lactobacillus (a), Bifidobacterium (b), Bacteroides (c), and Akkermansia mucinipila (d) of each group in vitro

fermentation
E BRI LLRE R BRI MR G R B AR, 2F)E 0. 6. 12, 24 h B, KA qPCR #4&m) 4 74 &
BeE. BC: TESTEELL:; PC: [adstiBLe: CF: AMR-Hie-Lo ks Fan .
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T 12 RINREERAIEHEREATEATI A R R8T
Table 12 Changes of species and content of SCFAs of each group in vitro fermentation

" L i1 /h
SCFAs &%/(uL/mL) GES
0 6 12 24
T 0.89+0.00° 1.02£0.01° 1.10£0.02° 1.13£0.01¢
BC R 0.33+0.00" 0.53+0.00° 0.59+0.04° 0.64+0.06°
ETHE 0.25+0.00° 0.34+0.02° 0.50+£0.01° 0.5120.04°
BIEHENETER 1.47+0.00° 1.90£0.01° 2.19+0.07° 2.27+0.11°
T 1.004£0.05° 2.1440.09° 1.92+0.11° 1.69+0.09°
bC RER 0.33+0.01° 1.76+0.23° 2.77+0.14° 2.95+0.23°
ETHER 0.30+0.02* 0.86+0.10° 1.18+0.14¢ 1.35+0.13¢
BSaEERERTER 1.64+0.08° 4.80+0.45° 5.87+0.39° 5.95+0.41°
T 1.23+0.08* 3.7240.20° 3.31£0.45° 3.25+0.29°
F Sl 0.36£0.01° 2.53+0.26° 2.12+0.22° 1.59+0.12°
ETHE 0.29+0.01° 1.23+0.02° 2.4240.16° 3.39+0.25¢
YAashRsER 1.88+0.10° 7.48+0.48° 7.85+0.84° 8.22+40.66°

E: RENEFEEATR M. B AR EAT £, FRIABER A 2F £ (p<0.05), BC: EE@XTEL; PC: Fatkxt
R21; CF: ABR-MAT-LLRBFREMA,
3 g (3] FIEE. o AR PR 2 i 1 P e 2 11 1 ) B LML B 9
=H

[D]. B AR 22,2018

IR HIAC T TR L 2N InsLE
EEHE, FERRER A 1:1.5, Ao et
4 150 s, PAFEEGRMILIRHZEN 91.24%, TR
R 5.01%. VANV T S FRE R IR T Ly R
EFR 50% AWK 5% RIIEHTHR 5% JKIE
R 10% FZERIKE 30%. ZRC 77530 Je IR -H -
CLAUEFA MPRVELS . FRE k. BRERUME. B3R
Bl BARSMERLTHE IR SR IS TR R e 12
FCHE S FURRFT 8 SUSAT B R SOUFT 51 A ]
SO NP R S AR A, (Rt O T RS Rt
REWTRRSF AU =& =3I,  BoA B i s R
MIER . RTZE IR 10 ROT = DL AR
IR B9 . AT TR 0 IR - A AT -2
EIRERY ST, BARYIEER IR, AR
SR S RS — e Te S S H A
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