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Selenium-enriched Yogurt Melts

GONG Changxi, HU Boyang, ZHANG Ni, TAO Qiyang, MA Ling’

(College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030801, China)

Abstract: To address consumer demand for nutritious and functional foods, and to promote the diversification of dairy
products as well as the high-value utilization of jujube and selenium-rich resources, this study developed jujube-flavored
selenium-enriched yogurt melts by first preparing a selenium-enriched yogurt base using a composite starter culture con-
sisting of selenium-enriched Lactobacillus rhamnosus, Lactobacillus bulgaricus, and Streptococcus thermophilus, followed
by the incorporation of jujube powder. The process parameters were optimized via single-factor and response surface
methodology (RSM) experiments, with sensory evaluation as the key indicator. The optimal conditions were: 0.5 g jujube
powder addition, and pre-frozen at —45 °C, then freeze-drying at 38 “C. Under these conditions, the product achieved a sen-
sory score of 87.38, with dietary fiber content of 0.32%, total selenium content of 19.27 pg/100 g, vitamin C content of 1.85 mg/
100 g, and total antioxidant capacity (FRAP value) of 14.17 mmol/L. Compared to ordinary samples, the developed product
exhibited higher levels of selenium, vitamin C, and dietary fiber, and better sensory and texture characteristics. Scanning
electron microscopy and secondary structure analysis revealed a denser and more continuous microstructure, with an

increased proportion of f-sheet conformations, confirming improved protein structural stability. In addition, the product
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showed clearly improved instant solubility and antioxidant activity. In summary, this study provides a novel approach for

functional dairy product development and resource utilization.
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Table 1 Factors and levels of response surface test
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Table 2 Sensory evaluation of scoring criteria for jujube
flavored selenium-enriched yogurt melts
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Fig.1 Effect of jujube powder addition on sensory evaluation
of jujube flavored selenium-enriched yogurt melts
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Fig.2 Effect of pre-freezing temperature on sensory evaluation
of jujube flavored selenium-enriched yogurt melts

2.1.3 TR EE X 41 XU B W PR W & B B P4y
sz A 3 AT, 2T XUBR B A R W ) S
TP EE TSR AR 0, SEE S AR R RS
AT, LETHRIREE A 40 °C B, 21 4 XUBR B Al iR 5%
HEE s Bl i, S 85.9 4o M TIRIEE A
20 °C B}, A TR A, 20 30 XUBR & it s 057 =+
A TE 4, IR 28, NHORITER R, MG
M) 108, 3 A R AR BT . S TR R TS =
60 °C. I}, 2148 XU & il 11 07 ST WA 2 ¢, 3ok 1+
o, 3SR BRI Sy ek v IR R A SR T K S TR 2R R
FECNFREGE AL BN AE . PRI, ASFSE TSR
JZ 30, 40. 50 °C #4707 1 G AR, LA RE Ak
TR, B R A UK B R A ARSI R4 1
S IR T

100
80
60 [

40t

BEVFAY (41)

20

20 30 40 50 60
THRIEE (°C)
3 MR R T 2T KU B AR W5 SR P2 R
Fig.3 Effect of drying temperature on sensory evaluation
of jujube flavored selenium-enriched yogurt melts
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Table 3 Response surface experimental design and results

WIS ALEMEIE BEARE CTHNEE  EEIO)

1 0 0 0 86.9
2 0 0 0 86.3
3 0 -1 1 73.2
4 1 1 0 74.8
5 -1 -1 0 60.4
6 1 1 78.2
7 -1 1 0 69.2
8 1 0 1 68.3
9 0 0 0 84.8
10 1 0 -1 73.2
11 0 1 -1 82.5
12 0 -1 -1 79.6
13 0 0 85.7
14 1 -1 0 68.2
15 -1 0 1 65.2
16 -1 0 -1 61.7
17 0 0 0 84.6
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Table 4 Analysis of regression and variance results
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B 67.86 1 67.86  21.19  0.0025 ok
c 18.30 1 1830 571  0.0481 *
AB 121 1 121 038  0.5583
AC 17.64 1 1764 551  0.0513
BC 1.10 1 110 034 05758
A’ 868.55 1 868.55 271.15 <0.0001 o
B? 40.14 1 40.14 12,53 0.0095 o
c 72.08 1 72.08 2250 0.0021 o
B2z 2242 7 3.20
AU 18.02 3 6.01 546 00673 ARFH
4R % 4.40 4 1.10
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Fig.4 Response surface and contour plots of the interaction effects of various factors on sensory evaluation of jujube flavored

selenium-enriched yogurt melts



- 338 - £ Tl B

2026 4F 9 A

T SR P42 ), w1y T e S5 v 2R I Al SR an
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Fig.5 Appearance of different yogurt melts
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ANIEIBR WS GARE S G B LR 4E . S | 44 3R
C &=z 5 pisn, MH AT LS H) TD-Se-YGD A4 JiE
L YEE BN 0.32%, i3 5 T Se-YGD #ll YGD
(P<0.05), DA 2T A By il 2 i (27 4 i e ook s,
BINLT AR T =i P R S 4 5, 350 TR
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Table 5 Results of nutritional index for yogurt melts

FESARR  REELFYE(%) BliEE(ng/100g) ik EC(mg/100 g)
JD-Se-YGD  0.32+0.01° 19.27+0.35 1.85+0.07"
Se-YGD  0.12+0.05" 23.530.50° 0.92+0.11°
YGD 0.08+0.02" 1.69+0.06° 0.87+0.06

T WP R NG FRER R A P22 5 (P<0.05), &6~ 7M.

YGD(P<0.05), A] fEJ5 L4 M ARG RE T 7= b
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Yz POl
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AR BR W i BT A REPE a2 6 o, b4y
MEAT o0, YR IDLTHEKY 1Y TD-Se-YGD TERH | i Az
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ARG, HAH 0] 22 5 B Rk B Ge 24 W 21 (P>0.05) .
XA R S5 LT O BRI N & A G, 1ESCIa T
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PR T ABRLA DA e o
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Table 6 Textural characteristics of different yogurt melts

FEA PR BEEE(N)  ORSMHE(N/mm)  5fPE(mm)  PUERTE
JD-Se-YGD ~ 4.89+0.03"  0.21%0.01° 1.5440.12  1.3440.12
Se-YGD ~ 4.83+0.24°  0.2840.01° 1.5340.09"  1.310.15°
YGD 4.84+0.14°  0.2940.02° 1.5140.18"  1.29+0.06"
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TREEMI A B, 255 BPFRART (T e i 1 A
BEATIERY 4125, 1600~1640 cm™ 4 F W -,
1641~1650 cm™ Sy JCHL U H i1, 1651~1660 cm™ K
o-12JiE, 1661~1685 cm™' N B-#1f1, 1686~1700 cm™
ML AT p-UTE . fHH Peak Fit v 4.12 X L%
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Fig.6 Fourier transform infrared spectra of different
yogurt melts
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IXFRBH AT LAV B 1 18] JOPHE AR, X —45 R 51
A2 S0 YT gR RS, XA RN 2R S
B& AR ARG, G, P54 Tl p-PrEHERR, TR ik e iy
SEEM L . JD-Se-YGD 5 Se-YGD # b, a-12iE 5
B A EILE] 16.35%. 29.86%, S-PrE S BB
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Table 7 Proportion of secondary structures

in different yogurt melts
oyn— PR WA 5L 454 1 L (%)
pE -1 P S
JD-Se-YGD 53.79+0.34" 16.35+0.24° 29.86+0.29°
Se-YGD 50.75+0.25" 16.98+0.14° 32.26+0.32°
YGD 46.33+0.32° 18.880.20° 34.79+0.24°
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Fig.7 Scanning electron microscope images of different yogurt
melts (5000%)
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Fig.8 Instant solubility of different yogurt melts
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Fig.9 Total antioxidant capacity of different yogurt melts
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