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Abstract

To address the issues of single flavor and insufficient texture stability of traditional freeze-dried
yogurt blocks, this study used fresh cow milk as the base material, incorporated rose petal powder
and jujube puree as functional additives, and conducted freeze-drying process optimization for
rose-jujube freeze-dried yogurt blocks. Single-factor experiments combined with response surface
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methodology were used to optimize the parameters, and a texture analyzer was employed to deter-
mine indicators. Results showed that under the optimal process, the product had a sensory score of
88.5 points, hardness of 623.8 gf, crispness of 591.2 gf, lactic acid bacteria survival rate of 33.8%,
and moisture content of 0.96%, meeting food safety standards. This study provides technical refer-
ence for the industrial production of functional freeze-dried dairy products.
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1. 5|8

HRTIRIIPOR BB R R TIHRBOR 5 ILH S G R, S8 R R R, SO B
PLH, BT T R G 1]. B R TR BOR BRI ST T YRR 2 ([ 35 B
T4, RE SRR RE O B OB o BRI 1k LR B 5 KR 5T » 058 25 T RO S8 P T DO REME TR Wb A 77 2] o

G TIRYIRZ IAFL. RPN R, AFEXRZ R —. ThEERPEE SRR, HikT
LTSRN EN 5 S8 A WA S LRI [3]. BOLE &2 Hh. WIARTUEL R,
AT e AR RS BRI RE 4] LU NS 20 R C KB (S], FLERIRER I AE - AR YR
WRIFSRTHE TR L [6] o (B BORACIERD A 2T e S5 K 5 204 S 10 i B 20 ] BE S M R 0 1A AR VR TS PE (I SE K
URPISIA] . BOA B R 501E),  Fild T2 iz T )& -

ABEFCLL “FRITALEE - A - U R TR, A5 B INARRE, BB T T EM
(FR THETRE. ENTT1R) (7], i REERLE SN NE RS EL BT R RIR I B E
B AGR T RRY (8], AN DO RE LR T BRYWIHAE T ZhnEAb 5 i S 2] 75 T (KB 72 9]

2. MN57EE
2.1. BN

MRt A LR A& R 3.2 ¢/100 mL, JEWG & & 3.5 g/100 mL, 38 B HHO7IRML): B Gl
80 HUfi, ZM&E 12.5mg/g, mF/™): LLREK(TIEE BT 68%, HisiAl H A JEHIRR); R
RS, M) APPE(E M) MRS 5555 TCREARIK; IR MR, FaT )
W 3% HaO W, ¥R it

2.2. RO FTERINREETZRIE

i P P A 3 — R T — ArDRHR 5 240 — PR — B VA R T — P — it

KA T Z AU SRR AL B0 60°CTIN, WANIN 8% [ RS WH T I 1A M (B2 AT BAIE IR B T
REERIFEN), K 85°CE IRAE 15 min (B UGS RN, W EFRMK), BHIE 38CHM: K.
FEN 5% (vV)IEALJE RIFLIR TR, 38 CIEIRAKEE 10h, ZMY) pH F&E 4.3~4.5 (R KBETR Sy, NIGEEE
FIRAFREARR): SENES R : MREBERY P ISR G SN EERAC I + 2 85K). 3%
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R, SRAEIFES 2000 r/min )5 5 min, BRGNS OS5, BEGRR TS HMBLATHEL TR KRR
REWBEIN 2 cmx2em x 1 em FIET TR, B TARIERUKAT P EEAT TR, 25 SN R TR BE 45 I 1) X R
TRERIIFEM ;. JAR IR T TR R R N SR R TR, WEARGTRE S S
FE[10], BEATTHETHRS T T, YRR 24, W58 R TR 1] BEBE: WRT4H)E, 1
YORHREZ R A =00, R A O 2 AR T IR W Rl it

23. BEESWRIT

DA BB VR (8 1)y BEFE S 7K & 8N E TR bR, [ E FoAth 25 A CR IR B 38°C v K% 1B] 10 by
RIRESINEE 3%), 73 WHELE 4 DNRT AR R R BB EZSNEA): BE 1% 3% 5%-
7% 9%~ 1% NKCFERAEMENY: ARSI =3:7, FET AT se it n & thfl, B BB E kg
ST AR 25 TR IR AR FE(B): W E—9°C. —12°C. —15°C. —18°C. —21°C. 24 CAMNKTF (%
UK e ORISR R A (R 2R, UK il R 5 S 80 i 2 AL BEEEFRAIC): R TIRE(C): WE-55C.
—=50C. —45°C. —40°C. —-35C. -30°CAMNKTFHET B BAREE, ko teds, REdS 5SS
FkbEAL, SRNEE A S W) [12]; EASE(D): % E 5Pa. 10 Pa. 15 Pa. 20 Pa. 25 Pa. 30 Pa /5
AMAKCPGEMaK 3 FHEIREN 77, B EA R 5 SBUHERE TR, 2= ).

Table 1. Sensory evaluation standards for freeze-dried rose and red date yogurt cubes

F 1. BIRATFTRIREEIFNIRE

PR T H PRI ARIE o fE
S OEHA T, AO6RE, TURRLL. SRR BRI 7> 855 0~20
g BRfEE S, TORBEIRR, AH Sk, TR, Bis 0~20
=S A BOREE SLOERE A, TCRWANEER. %) 0~20
AR BRIV, BROIAITIIR . 2R H B SBORRR &G, TR — KRR 0~20

HARE AWEEHRELS, TFIE IR, Tkl ah 0~20

e RETNPATIRE: 1) T R R 12 R 20~35 &L ToOFUREANI 32 SR B AT N G (B Bl Ik 2
6 4 W E 6 %); 2) VP ARG SCRRET 1 FITRE 3 I, A EAERGE CILAE - B - 408E 7 KUk
PRAERE . BURI(BRIGERDRE) B 8 n, SR R 3) PO ERAE: PR E T ARG, TR, 1H R [E
B% 1 m ASZVE7y, RERESVEAN S 20K, (RS 5 min VF R —FE: 4) BRALHE: KR 1 DMRma S 1T RIK
T EBCFEIE, R AT

2.4. MNEETZMALET

BT R RLIGLE R, EPOE R IR R 3 ANRESH(13]: A AT SIRINEA:
3%~7%)~ TFIREB: 21 C~—15T). % TIRE(C: =50 C~—40C)y N A&, PURE T AT RAE(Y),
K H Box-Behnken % 11(BBD)#JEE 3 KI5 3 /KFMA NSRS, 3% 17 ANSEIA(E S b mlEE), &
AKFRAS N 2 Fion . SCEE R A Design-Expert 13.1 JPF3EAT A 04T, Mo — IR IBIARERY, e it
REF L ESH.

2.5. FErmnmn RN

JRIFEFRIE : #E3k P/50, VINRBTAIERE 2 mm/s, MNRIEE 2 mm/s, WNRJEHEE 10 mm/s, filtk f
5gf, NAF 70%, [EFEAEK 5s. BMRERIEE 3 AN ST I E, 1CREEEE (of, YIRIRE—ERA
BT BB R A7) WEPE(ef, PRl IR ZERT i J0ME) . #PECE AL, YRR IR FUIR 88 /1), BUFE
B KA S EWE: 28 GB 5009.3-2016 (£ 22 42 [ SARE T fh K 2 BIME ) » R BT 14):
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Table 2. Experimental factors and level coding of Response Surface Methodology (RSM)
2. MR EASLEE R 5K TG

7K k.
A: B RS G UNINE(%) B: THRIRE(C) C: HTIRECC)
-1 3 -21 -50
0 5 -18 —45
1 7 -15 —40

FREL 2.000 g FEdh, BT 105 CHFAETMTEEE, HREKITECKD &R = TR E - BTER
)BT RTBUR *x 100%): FLER B AFE R INE : MoR-FAOHEGE: 200 IR TR0 K IR 5 VR 5 Bt %
10 g, FLEHEEF I KBEERBEE 109107, B 0.1 mL FBIA AT MRS 5577374, 37°CH:9% 48 h,
TH BT (CFU/R), fAE%F = (R TRAREEB/G TR ALIREE) < 100%: A2l 28| GB
4789.3-2016 (£ ih 224 E Kb B i TRV R S R AR RSP E0EI E K A BR
HEAFSEME[5]: FREL4.000 g #£4h, IIA 0.4 g BRI 6 g BBRAN & 20 mL KRR, 420°CVHM# 1 h
WA EEYI S0, A5 R PLIRE BN E & H TS E[16].

3. IWERS S
3.1. BORLARE SRME ™ e REIR

B RG AW, RS 4 U E QYRGB R BUEE . BUORNE & 4R E gl /N K &b
TERG, BIRMEE 2R, SE RS 1SR R B EBOR A 4 7r BOA 64, SO i N .
V1 AT, BOBRAL R A TS IR B E PRy B RK A S A WA R . M IN RN 1%~5%HT,
JEE VR BEA N I 0T B TE, 5% IA B (85.2 43), MRS EUBR A SR, LA vk 5 R Rk B
BRI 7 58 5], AR IURDRS B8 B8 B2 BBV I 39 g A B (M 553.2 gf F+ & 618.5 gf), I E
JEA RS ER TS TEBGRAR, ATER T Mg M Re e Vs /Ko & BIGERFTE 0.95%~1.02%, B0/
LININEBEL 5%)5, BEESEE TR, 7% EE 78.6 47, EERBIEACNR L & SO0 BHRE, 4
W HE = S, MR AR, A EARS: TS 652.1 of, (HJEFE FRE(A 585.2 of [ %
520.3 gf), e I “REMIAHE” B Ko S EEHERMN. GE6KE, B RS ARNEER
YA 3%~7%, BAEKFHIREHE RN 5%.

e

—o— il i /gf
—o— JfiE/af

800

700 A

600

500

400

Bt

300

200

0 > < 9
0.95 0.97 0.98 0.98 0.99 1.02
—100 T T T T T 1
0 2 4 6 8 10 12

B AL IR (%)

Figure 1. Effect of combined addition amount of rose and red
date on product quality
Bl 1. BORAAE &R INE X = & RAIF2
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3.2. FRARimEEX 7 Gh R AR

TR U P52 0 42 UK T 2 (12 TR T SR AN R U 0K i DRI TR TV B2 /N 35) ST 0K i) B Pk 2
IR BB AR, L RRYYHE E E SE k) 5 7 A (RS . W RE) Sk sy IR 2 A1 —9CIER
—18°CI}, B PF40(76.3—84.8 43) 5 (550.2—615.7 gf) JE £ (510.5—582.3 gf)_LTH, 7K 43(1.25%—>0.98%)
TR, B-18°CUKERAH/NS ST, FLBRFLN . A ERAE BK 73 FHEMR: IKT—18°C (-21~-26°C), AER
B, TR TR EEEE PRAE, FLPUAR K46+ 8 h)IIISA . v 6 & B Bl —21°C~—15°C,
B EEAKCF 15 2 N—18C

—o— P53/%
—a— IK4M%
700 + 645.8 630.5 —o— ¥ /gf]
6157 5934 20 4 Jf /g
600 < ’ 550.2
5823 575.5
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I
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Figure 2. Effect of pre-freezing temperature on product quality

B 2. TR X mRdn SR SN

3.3. ZTFREN M AMmRARmE

RT3 5 W ) R 4 UK A B AN 28U 22 (R 5 KBl D) AR ST B T, ~F AT K 43 FF
R SRR E M o R TIEE (FHETEBY BY) B M /K 43 TH A 26 5 7= Sl M e AR B (] 3). 240k
FHEM-55CTHE-45CHf, BEIE M 80.2 43 TH4 85.5 48, KAEEM 1.12%4 % 0.96%, FLERH A7
TEHRM 30.5%FF 2 34.2%. IXJEFA-45CHI K FHEHARE T, BEREIRUE/K 737870 2k, S RBiEE i
WA SRR K M-S0°CH AR g, KRR E R, 0 R R SR TR 45T
(—40°C~=30C)if, JRE B3 TR, Ko&ERSEHEE 0.85%, HAMEAERER 25.1%, HH
SRR H BRI, WA 618.5 of BFZE 520.1 gf, i EZE . Ft, G THREANGEEIEEN
—50C~—40°C, HHAKTFHIEHE A-45C.

3.4. AZREXN~mamREE R

B REE T R K A FHE IR B JT 5 R T8GR 57 WO A (] 4): LA FEM SPa FH & 10 Pa B, JRE
PEO M 82.5 3 THZE 85.3 43, KA EEM 1.05%F4 % 0.97%, MEEEM 560.2 of TH 24 585.7 ¢f, [A 10 Pa H4S
WEOEE, K THERE B RALBII 5T 1 5 Pa ML m, 5 BUWIEIER 45558, 0 P K@
A EH 10 Pa (1530 Pa)if, EEIFEE 72.8~82.1 4%, KO SETE 1.02%~1.31%, MiFHEE
450.3~550.3 gf, RIEAEA L FETHEER TR ARGk Em, 700 mE. 2E, BEEEE
FEI A 5~20 Pa, AEKFHIEHE A 10 Pas

DOI: 10.12677/hjfns.2026.151004 31 5 E R


https://doi.org/10.12677/hjfns.2026.151004

AR

—o— A/

—— K5 %
700 4 —o— fEE/gf
618.5 —o— JfifiT /gt
600 - —o— BiiE/%
3 520.1
500 4 555.6 558.
400 213 ‘
387.4
&
=300
=
200 -
100 - 80.2 83.1 85.5 81.3 775 71
9 —o 3 3
30.5 334 342 3.5 283 251
—=>_o————9 o= 5<% 3
04 @ > 3 > > 9
.12 1.1 0.96 0.92 0.88 0.85
—100 T T T T T T T T T T T
-55 -50 —45 -40 -35 -30

HFRE (°C)
Figure 3. Effect of freeze-drying temperature on product quality
3. FRFIREXmmREER

VEor /53
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Figure 4. Effect of vacuum degree on product quality

4. EZE R

3.5. EVHREMES BEHRE

FF RIS R, RN AEE SRINEA). FRERE®B). ETRECNAEE, BET
53(Y) R RNAE, 3E1T Box-Behnken W itsLs, SL56 5 545 R0 3 Bk, FIH Design-Expert 13.1 # {4
SIS R AT IR EVA T, RREURE S AR R EE T
Y = 88.42 + 0.4375A + 0.6250B + 0.6625C + 0.1250AB + 0.0500AC + 0.0250BC — 6.51A2 — 2.14B2 — 2.96C2

XF RIS BEAT 7 2250 (2 4), Z5IRFR W] BIALE F (A 184.01, P < 0.0001, tHIBAIRG 3%,
RAUTH P=0.0734>0.05, FRIPHIAGEZERMING, 0 SLI0 AR LA RO R T BB Yo R4 R?
=0.9958, ABEIRIE REL R2aq = 0.9904, UiREAI AT ARRE 99.04% MM RAEAR S, G RE, EHTE
ARG TR G T L ZSHNAG: R, T 0E RE Rpea=0.9451 5 HE R E REIWZHE DT
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0.2, HE—BIIERHAIA S, 5 Lh(Adeq Precision) Ny 34.4374 (& KT 4), RS S L, AIHN
ST Sk,

Table 3. Experimental scheme and results of Response Surface Methodology (RSM)
F 3. MEEEALETRSER

LI A B C Y RE VS
1 -1 -1 0 78.5
2 1 -1 0 79.2
3 -1 1 0 80.1
4 1 1 0 81.3
5 -1 0 -1 77.8
6 1 0 -1 78.5
7 -1 0 1 79.3
8 1 0 1 80.2
9 0 -1 -1 82.5
10 0 1 -1 83.1
11 0 -1 1 83.5
12 0 1 1 84.2
13 0 0 0 88.7
14 0 0 0 88.3
15 0 0 0 88.6
16 0 0 0 88.4
17 0 0 0 88.1
Table 4. Analysis of Variance (ANOVA) of regression model
= 4. EARBFESH
A S5 SRR Rl B i Y% F-value P-value EEM
A model 262.73 9 29.19 184.01 <0.0001 **
A-WIRARGERINE 1.53 1 1.53 9.65 0.0172 :
B-Ti ki 3.13 1 3.13 19.7 0.003 *
C-ITRBE 3.51 1 3.51 22.13 0.0022 **
AB 0.0625 1 0.0625 0.394 0.5501
AC 0.01 1 0.01 0.063 0.809
BC 0.0025 1 0.0025 0.0158 0.9036
A2 178.44 1 178.44 1124.81 <0.0001 **
B? 19.19 1 19.19 120.98 <0.0001 .
C? 36.89 1 36.89 232.54 <0.0001 .
%% residual 1.11 7 0.1586
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g
JRANI lack of fit 0.8825 3 0.2942 5.16 0.0734
4[R2 pure error 0.228 4 0.057
S AR5 cor total 263.84 16

3.6. AEXZEIER TR

e o T = 4 B 5 S v R e M S LR TR R AR o S5 R TR S s AR I s, [
PR HAR S, WERE RN AR SR 1A 5 Ak, BORADAE S IRINE(A) S PR L (B) I 45 i 2k
ST, R “FH L AR, 507208 R — Bl ABERA AR G UNINEN 5% TR A—-18°C
I, W ST A AR, R PP B BRI IR & (>7%), RMERRIEREE, BEPthe
PR USRS A 17 S s 3 PRRIRL S S R (>—15°C) M BRI DK I K S B0™ i A AR 22, R BB LA F) XU
e

» ——- ———

o e P B NN
. <SSO TN
, EgRRRRRRRRR

RETD
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A BRITSATNE &
(%) C: HFRE ()

A BRI REEFINE - E ” B: FURERE (°C)
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BEIFD

44

C: FFRE (°C)

©

Figure 5. Response surface plots of interactions among each response
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3.7. BRI ESHBIE

i it Design-Expert 13.1 #AFRGEE AT RE, BRI GG TR RILE T T 258 Ba
G GUNINE 5.21%. BUFEIRE-17.5C % TiRE—452C . 45a=brAE = e @R v, T Z3808:
BORAERE GURINE 5% (BORACTER 1.5% + 208 JFHK 3.5%) TRIEE-18C. TVRRT[A] 4 hy VR TIREE
—45°C. HZE 10 Pay FRTHE 12 he TEMREAF FHET 3 UCPATIRUESLSS, W45 7= S E VR FIME N
88.4 7y, SAERITHIIE(88.7 /) IMIXHRZEAN 0.34%, FIERIFI AT &, HIL T ZSHT1T.

38. BRI Z T RmamRiEiENELE R

TEEMIR T L 2SHCT 43 B RR T BRI, iR I R4 o eH& 5 ] R4 J7 T, BEFE 623.8
gfy JifE 591.2 gf\ 1% 0.52, BEAGIRYIB A 4ER G BV E N, HAEEE S5 R LI 1.06, KRR
ffiids BA b, KSR 0.96%, FFEAHIKERE, HEEBE R 4.8 g/100 g, =T i@ KT R
AR bR I, FLER B RIS % 33.8%, (SR TR, FLEREH0UEA 3.3 x 10 CFU/g, fF&tniE, K
AR ARR s BB b, SN R R 0, BUORACIER B, FURBRIG O RS RS, AAER  ek
FRENT-7, 275 0F9 88.5 4, MTALGA T IR,

Table 5. Quality indicators of freeze-dried rose and red date yogurt cubes under the optimal process

5. R I ZTHERLTHR TR R EIETR

Eizp it HAAfbr 52 45 PR ER
T (gh) 623.8 -
AR R A i i (gf) 591.2 -
e 0.52 -
B Ko B (%) 0.96 <6
AL FEAR
B AR R (g/100 g) 48 -
FUR A7 IS (%) 33.8 -
AR bR FLER W H(CFU/g) 3.3 x 107 >106
Kt i (CFU/g) RAH <100
AL I LBV A 88.5 -
4. &5

A F DA R E AU INE. TURRE. G THERERNAZE, REWr NmpE, 8685 ER
K= SE5, 4 Box-Behnken ¥ iH5 MW S 4 AR AL R T IR ISR T 12 . SRR, @vm—
VRIBN AR TR B 5535 (P < 0.0001), $UAFEALF(R2=0.9958), T3 RCHMIEE Y5, BN &K Seih o B
10 Pa B = i R I fE . WA ERR LESHR: BRAEGEGRINE 5% (BURTEAA 1.5% + 85
H 3.5%) TARIEE-18C THIER ] 4 hy HTIRE-45C. HZE 10 Pa. T 12 he FRIESREH,
FEERE VR P IIE R 88.4 4y, HTNMEAXHRZEN 0.34%, REBBATEE, T 207, hH Tk
AR AR -

E&ME
SRS 25 2 4 S R A BB UL ) 255 (2025DCAO1).
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