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ABSTRACT: Objective To develope a co-microencapsulated probiotic-stachyose functional dairy product.
Methods This research employed spray-drying technology using sodium alginate and stachyose as wall materials
for probiotic encapsulation, with optimized parameters. The optimal yogurt formulation was determined through

orthogonal experiments. Results The mass ratio of sodium alginate and stachyose was 3:1, the concentration of
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materials was 2.00%, and the spray drying was carried out at 140 °C and a feeding speed of 40%, the best embedding

rate of the composite probiotics was achieved. Through orthogonal experiments, the yogurt formula was optimized to

determine that the optimal combination was an addition rate of 0.08% for the starter culture, 3.00% for white

granulated sugar, and 0.30% for stachyose. Under optimized conditions, the microencapsulation efficiency of

probiotics reached optimal levels. Microscopic examination confirmed effective probiotic encapsulation, preventing

thermal damage and improving stability. The final yogurt product demonstrated excellent color, taste, texture, and

received outstanding sensory evaluations. Conclusion

This study successfully developes a functional yogurt

combining probiotic viability with superior sensory qualities, providing valuable technical insights for functional

food innovation while meeting consumer demand for dairy products that balance health benefits with excellent taste.
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Fig.2 Effects of different factors on the embedding rate
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Fig.3 Microstructure of microcapsules
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Table 2 Orthogonal experimental results of formula optimization
gy AREERIE BIORHE CORORHE IREPH
Md)% B % W)/ % jares B AN R HILURE By
1 0.08 2.00 0.20 18.60+2.89 33.10+2.89 32.70+8.39 84.40
2 0.08 3.00 0.30 18.90+2.89 33.60+6.08 34.40+11.55 86.90
3 0.08 4.00 0.40 18.80+2.89 33.60+5.77 33.20+10.00 85.60
4 0.10 2.00 0.30 18.70+2.89 31.10+£7.00 34.20+10.58 84.00
5 0.10 3.00 0.40 18.40+2.89 31.30+13.00 31.10+£5.29 80.80
6 0.10 4.00 0.20 18.80+2.89 29.50+8.33 35.40+11.55 83.70
7 0.12 2.00 0.40 18.70+2.89 29.90+16.62 33.20+8.39 81.80
8 0.12 3.00 0.20 18.00.£2.89 29.30+12.34 34.30+11.53 82.50
9 0.12 4.00 0.30 18.80+2.89 30.30+11.55 31.40+5.29 80.50
K 256.50 250.20 250.60
K 248.50 250.20 251.40
K 244.80 249.80 248.20
ki 85.63 83.40 83.53
ko 82.83 83.40 83.80
ks 81.60 83.27 82.73
R 4.03 1.33 1.07
FSENER/Y A>B>C
LK 4, B,. B G
wALAE A4,B,C;
x£3 RBREIMER
Table 3 Results of sensory evaluation
E{=E2 R 1 Rl 2 FEbb 3 F i 4 Rl 5 Kb 6 Rl 7 FElb 8 Fedh 9
[EREE 18.60+2.89  18.90+2.89  18.80+2.89  18.70+2.89 18.40+2.89 18.80+2.89 18.70+2.89 18.90+2.89  18.80+2.89
WERFIAIR  33.10£2.89  33.60+6.08  33.60+5.77  31.10£7.00 31.30+13.00 29.50+8.33  29.90+16.62 29.30+12.34 30.30+11.55
HYURAE 32.70£8.39  34.40+11.55 33.20+10.00 34.20+10.5831.10£5.29  35.40+11.55 33.20£8.39  34.30+11.53 31.40+5.29

FEM | ERES O MREER . (I HE . AKIRMEAR natiK
YRHAESL 1(0.08%.2.00% . 0.20%), #Ehh 2 (0.08%.3.00% .
0.30%), #EAh 3 (0.08%. 4.00%. 0.40%), FEih 4 (0.10% .
2.00%. 0.30%), & 5 (0.10%. 3.00%. 0.40%), ¥4 6
(0.10%, 4.00%, 0.20%), il 7 (0.12%. 2.00% ., 0.40%), +f
i 8 (0.12%.3.00%.0.20%), # i 9 (0.12%.4.00% .0.30%),
MUBFEAS INEER 3.00%.

L 1 BRSO MOPETF R R, H7E 18.40 2
18.90 Z [8], il N 2.89, X FBH A A T AE L Jy I W)
FRI—, HIPNE X RIS 22 5 A K.

RS 2 703 (AR A SR IE A 5, o 33.60, TATFE &
8 M iAR, A 29.30, 1T BIARIEZETEAIRIRE i (6] G B
Ak, FEAh 1 FRUEZEE/IN2.89), TFEA: 7 FIFEM, 8 BUbRHE
ZER(16.62 1 12.34) 3% FRIATEBEUR AR T T, A Ah[A]

By RRR, ARG PO &5 AR A R P4 1 1
BRA [ B AR

FEdh 6 A LUIRAS TS M R, N 35.40, TiFES: 5 AT
A, R 3110 T4 bR HE 22 7EAS (A it ] o A A ],
FEGL 2 FIRESD 6 MUBRIEZEER(11.55), ket 5 FIFES 9
BIPREZZE/IN5.29) 0 X RIHFEHLURA 7, FE5L A A7
TE—ER 25, HISERE S PR 45 Rk shi ok .

LA LIRSSy, FESD 2 1800, L, RURTERRY)
AT )7 e RIERIMRE 0.08% ., FIRDHEMRIE 3.00% . 7K
IR EE 0.30%. SURZEAS MG AR &L R TE 22 5% .
BEAh, KR B A T R R, AT R A A R
JEREGRERE R, 0 T A O U T £ v B B R TL Y
TR, (B, A SR R B Ay PR 5 B AL S 1) S P 54,
AN E R TR Sk, R LRS- AR R
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Wi o SRR SRRYIA LS G b A T AR SR MR Y Y
SRR R, ORI SR A TR A T2 UG [
RURIEHIR SRR YT TR ARSI 1A RO, B XU
I

AR5 R PR 25 T B AR i 4 25 2 RO T8, A K
Wl TR RIS P S AR T, BT T O M AR
Fel oL S SR, A K SR R R AN 1 N BE A
B LS WIRP 25 A4 o L [ A, 224 fal e 8 B oA Vi AR N 5 7K
TR BIR 3:1. WREE R 2.00%, 7E 140 °C. 40%3F ki B
TIPS TR, A g AR IR A AR IR
5 LAk MR W5 C Oy, HE & EEFV AN N 0.08% . DB
3.00% . KIHE 0.30% Wi fEM A o AR 354 1
TERGTE PN P R AR RIS G 1 1 [) Bt oy 25 A BT 1 A R AL
TEFRIHE, GAWR T 3SR IhRErE . 1Ah, ek
Bl 1, ARG R RS R R )y, & PR ik
FEARECY, R R R AR R A, e EEE L R
BIRME T R I MRS, T B R T 2
FEAL AT S, FEDRENE & &L I TF & ABIH )y a0 HA —
S M.
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