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Abstract: To improve the texture deterioration and whey separation problems of low-fat yogurt due to its low fat content
and enhance its storage quality. In this study, the blueberry pulp dietary fiber (BPDF) was first modified by ultrasonic-as-
sisted enzymatic method, and the optimal process was determined through single-factor and response surface optimization.
Subsequently, the influence of different concentrations of modified BPDF on the storage quality of low-fat yogurt was ex-
plored. The results showed that under the conditions of ultrasonic power of 443 W, treatment time of 20 min, addition

amount of compound enzyme of 2.5%, temperature of 60 “C, and enzymatic hydrolysis time of 2.5 h, the yield of soluble di-
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etary fiber (SDF) prepared was the highest, reaching 15.87%. Moreover, its water-holding capacity, oil-holding capacity,

swelling power and solubility were all significantly improved (P<0.05). Furthermore, the modified BPDF was applied to

low-fat yogurt, which could significantly enhance the texture and rheological indicators such as hardness, cohesion, and

storage modulus (G') of the product within a 28-day refrigeration period (P<0.05). Among them, the group with 2% modi-

fied BPDF addition performed the best throughout the storage period. Not only was the whey precipitation rate 29.72% low-

er than that of the control group at 28 days of storage, but also the antioxidant performance was higher (the DPPH free radi-

cal scavenging rate was always above 80%, and the ABTS" free radical scavenging rate remained above 60%), and the sen-

sory score ranked first among all groups. This study provides a new solution for improving the storage quality of low-fat

yogurt and the high-value utilization of fruit residue.

Key words: blueberry pulp; dietary fiber; low fat; yogurt; storage quality

{IRBB BRI E Ry N X A FR AU 5 AU B i 2
TR B, IR T R R KM, SR, B
(RAIAE I & (=< 1.5% ) 1A S 2R A R Bifa
P S A e R Y 2, B BT P 4% 32 45 T R S BRI
LA . WK WCEE B ZLIE AT P, [RIE R XUk
WS S U E BT S AR ARG TR 7 SRR
FLIE 2R e 4 1 5 W e 52 e A 2 W, (BT 5 A 7
5, JE B AR Bl M, Bl B FHAE R ARG
IF S YT AR TE S R . el SEERIG

BIEWHE BT, AT Tk iR RS ek Fe AR
XERSL

AV B 7= 9 o i £ 2T 4 DR EL R ACPE AN e A 4Ry
P, PIER SR 1T I BR DI 68, i LR R34
HE T HEAS . (B RIRIE Y AT HE X i A7 AE AN R 45
o Bl L R 25 DL K T 55 A B AT, FaE )
BRI | A= Wl s A A A S U R R B A £ 4
Z5 LG, RIS PESE A DASR T LD RERR A otk
TR IS, (B WA AERCREANE - S RIZISERIFR
PhEo AR, BT LIRS | SRR . B ERT B
PMREE ) 3207 R S e e P el B A
SRy—Fh L= R I A SR WS, RENSIE I 25 AN,
{2 TERR-5 S i fale, PRI AT 42 ba), $2 i n]
PELH 53, [RIR) B R RR BE M AR B T PR B4 2 Li 450
SR PR 75 I3 i BN B 25 s P 00 T R B 4T A
TP 6.32%. FLCA OCHERE B AT 4EE I IR 1)
IR ST . AN Qin 5P JE T AR ER B S &)
FLAT IR R BRI ERD R R B 2T 4, DTS i 25 3R T HR )
BEWRCTH S ; Dong 4519 RIS B SRS B a4 vl 7
S AR P I SR PR W Y BY VIR T . R R R R 2
Tian ' iz SR A A G L 4R Mk DS iE &
214k, A RAACTR WA R AEN A I ZLIE DITE R
TARRRE ST HESEL ., SR, B HAR AT HEAEAIRAR TR
LR FR AR AT A H o

FRE WA AR =ik 78 JrMi(2024 45)1, A3
JEIEIRISEE S, I A B vp =2 g SR w1 =4
AEAE 23 i, EE AR SR E S R (40%~60% )
Z 2t Y, B S BRI 1, (H A i
B 4T 4 (Blueberry pulp dietary fiber, BPDF) A7 i AN
LT 4E 5 Les S, K185, BRSNS S 200

FTHBAHAS . FE T I, ASBSTHE L AR S il B L SR
38 3o e N DR DA R G B L S S S BRI
BPDF 1 A] #E2H 43 i b, 22 17 Ak A ) B Ay 4 e
TMARSHL . TR B AL AP S A P S e b, IR vk
BPDF XHILARR U AT &4 BT R . ARBHST B 16 A
AR IR WS & IO, sl A S = (e AR R 88T
PR T 28 o
1 #MR5RE%E
1.1 MRS5S

MRAEFLUBI & <<1.5%) | #5255 T8 A
WRLATEE . W BEBREEIR G R PHESe (R ED
A BRAE]; it =il a-TERYIF(4000 U/g) | FEH 15 245 1%
TrAf(10 J7 Ulg) . DiPEER A F (200 Ulg) . £F4EE Al
(400 U/mg) . RKEHHENEF(10 J7 U/mg) T4
YIRHCA BRAF] &8RN R R =i50E
BRAA ] 5 HegxialFn 3ok sl

AC2-4S1 @ TAES  FhndkZ R R E R
5] TGL-16 R EOAHL 1) BRMY A A BR
NF]; FE28 pH it FEZRIIRLAAES (AL s AR
A]; 10QC 223 AT = B bRl £ 4 R Al
SpectraMax reg iD3 B#FR{Y e 70 A (i)
FH R F]; DY-1200C #8754 Maienic . i
EIBALZSAT FR S 7] ; DHP-9272 %4 Hy, $UIE 15 1% 3246

_E Mg ERHE A BRANF]; S-3400N 94T 22414 1

BUES  HZK HS7; Theta Flow 3D S ff 42 ful fa
AL IF 2 E BRAREE AT BRAS 7] TAXT Plus C it
U Y[ Stable Micro System 23F]; HAAKE MARS
60 BIHALTEFF AR FEER CHHIRBHR A HE]
1.2 SLWHE
1.2.1 HEFEHEIEREMCE BPDF 1Y T 2058
1.2.1.1 BPDF myifil& JEELAYEIEIS%S T
L vk, SRRV RIS IR AR, iR A R A
55 0.1 mol/L WML 2% whi 4% 1:20(g/mL )N LLIR
B ), RO T A FE . B ST IR SR 2% vh
AFH 800: 1 LEBIIN A a-TEH B, 90 °C Jil# 30 min
JE 1A pH 2| 5.2; B 544 EL 41 (800 : 1) AIAGEHM 4]
ZEPBELEE, 60 °C /K 30 min; FELL 400:1 Fefilin A
W EE A, 8] pH = 8 4RZ2 Y 30 min, BEH 58 AL
J&, BIR A W T 2500=g #5010 min J5BEUT 12 he



- 206 - £ Tl B4

2026 4F 7 A

B EEUUIR & W48 7000xg B0 10 min 5 WEETTLTE,
FHEE 60 °C AR EEE, Bivead 80 Hfik
75 BPDF,

1.2.1.2 PRRIZEIY e FE e 3L & GEFE TR
400 W, HEFEHTE] 20 min, E-SEEISINES 2%, HH#E
BSTE] 2.0 h, BRI 55 C)F, 439258 N N2
X AR I B AT I 4T 4k (Soluble dietary fiber,
SDF) 15 3 (1 52 W . 48 75 D) %2 (300, 350, 400, 450,
500 W); BB ITE] (10, 20, 30, 40, 50 min); & &
(LT 4z : ARZRWHE=1: DEINE(1.5%. 2.0%. 2.5%.
3.0%. 3.5%); BEfAASE] (1.5, 2.0, 2.5, 3.0, 3.5 h) fll
IR (45, 50, 55, 60, 65 °C).

1.2.1.3 mapi RS SL PR RSO AS R, I
PRI (A) HEFEEHE] (B) « B IR EE (C)VE ekt
AR, K = & = I/KFHY Box-Behnken ¥#1, LA
SDF 153345 5 Sy ma W AH, mal o g i il ak 1.

AR B

Table 1 Test design of response surface
FEES
K — S ;
ABFEYIR(W)  BE#EARE (min) - CEHFRILEE(C)
! 400 10 55
0 450 20 60
500 30 65

1.2.1.4 SDF #33%{lj5E >R GB 5009.88-2023K &
22 A E SR UE B TP RS E AR 4E I 2 ) i
% SDF &4,
1.2.2 HMEBEEST BTSN ECrE Rtk s
) BPDF A 85, B S 5, SR 44 i 7 ol i
W45 AR i R AZ E M 2000 45 F1 5000 4% 14 i ik
ESHN
1.2.3 2etknn)s BPDF #ALPE BAGm
1.2.3.1 ¥pkJ1  HETMFREL 0.5 ¢ BPDF A5 T &L
P, A 25 mL Z81#7K, 37 °C /KBRS 2 h, B0
(2000%g, 15 min), FRZ5_IHWR, AL T 2048 R
FREAIIK Gy o Bk Ji = (1) iR .

-+ Ml - Mo

K (/) = M,

b M, S B S DURE AL, g3 My S AES T
H,g.
1.23.2 #Fwhily &3 Jiang 4809 [T EEREVEE 2R,
HERAFREL 0.5 ¢ BPDF £ & T8 FE.0 & W, A
30 mL KT 37 C F/KEIRS 2 h, E.00(2000%g,
10 min), B2 LVEW, 25048 Th RIS I R S vl FH e 4R
W, R =) s
. M, -M,
Fri (/) = M,
o M, S ELO S DURE R AL, g3 My AR ST

H, g,
1.2.3.3 fighk s

A (D

= (2

HERAFREL 1.0 g BPDF A5 i A

B, A 10 mL ZE1RK, 78 25 °C TIRG 18 he 47
T SR A il A VR A0 G AR BRI il U R 1 K A AR
B KR AN=(3) B .
WKL) =~ R (3)
Ko v, MRS AR, mL; vV, MK AT,
mL; M HEES T, go
1.2.3.4 &ftE SFEIERRED 107k, R
B 1 g BEf TR, INAZEIB /K 30 mL, 75 °C 7K
¥ 1 h, 2000xg Z5.0> 15 min, ¥ FIHREIA L4
A EEE, THEANAUN4) PR

R (%) = idﬁ x 100 X @

KM, F LERTEREOEIEY R, g
M, HFESRTE, g-
1.2.3.5 Al SRABSRES 975k, FIH
2l fa BAKBEIET TR . B 200 mg % BPDF &
TR A AL A A (A4S 20 mm, JEE 2 mm), 2R
JH PSS 250 E ae in 1 mL 224 ¥ F BPDF i A
I, AT 10 s J5 R FH g el BRSO LA P 1 1y, 22 fh #y 3
TR T AR A TEAE 53 AT o
1.2.4 Yrtd: BPDF (RARFRWI 475 BT ST
1.2.4.1 BRWIHIE  ARAEWS 43 3G BT A FR
SrEECR 0%, 1%, 2%, 3% Bt BPDF, £5 90 °C &
B 10 min J5¥EEIE 45 °C, R0 0.1% (w/v) IR &
W3], 7E 42 °C T RME 6 h, SRIGTE 4 °C T /554 24 h,
5T 4 °C N S AE A 0 S BES ) |
7. 14,21 #1128 d BUFE, #4754 BTa ARl 2 o
1.2.42 JuRRetE =7 Jiao U Iy, ITAHVERE
U, SR FH AR T A e MR 2 o SR AH PO.S #4583k
XFAR WA T, Tz ICRE 2558 20 mm, T REEREE
1 mm/s, M3 1 mm/s, IRk 3R B3 10 mm/s,
& J12k 10 g.
1.2.43 FARRRTE SRR SEAT AR e R I
Eo WERWFESE T 25 °C T FH5 5 min, S HE N
40 mm FJFEHL. 7E 0.5% AR T, LA 0.1~10 Hz AYSH
I FI AT SRR, LA E ik AER R (G Rt
FEALR(G"),
1.2.4.4 #OUML5H) =2 Gomes S50 {51k, KR
Ykt T Z R AR IR IR LN EE |, SRSV R T PRI
R T IIR IR L & I, i J5 3 FH R F B 7E 10 kv
HJE R R 5000 5517t
1.2.4.5 ZLRREEEL IKYE GB 4789.35-2023¢ & /&
A= [ SARE B I AR 5 LR B ARSI ) X2 i
HA (] P v ) ZLIR TRV ECR AR RSP AR TR a2
1.2.4.6 pH FVEEMREE  FR IR B I a2 7™ A% = IR
E FARME GB 5009.239-2016 £ 224 E bR UE &
i P2 B PR D PRAT s ERFFREL 10 g BRUIFE S, A
20 mL £ WA ENIZIBKFR R, LL 0.5% BrHk £ B
VW MFE R, T 0.1 mol/L SV B AL ANAT HE A W 72



5478 S 13

SKAAAE 55 SRR R AR AT A SRR TR RR I A7 B AT - 207 -

FEILT LN, BRI LS JL LI IR PR JRE (°T) 2o [A]
R FARHE pH T ELIENE R WS pH.
1.2.47 FLEPTHZR ZLIEPTH RN E S5 R E
S I iRV, HERAFRER 15 g BRILEES, T3
L, DL 500xg B0 10 min J5FE2E IS W, FrA:
FREBUIIEY S0 B E . FLIEHTH 30 (5)
T

FLIEHTHZE (%) =

m; —m,

x 100 = (5

m,

o my R WSTEL, g m, S SO AT WS A 2
DT, g5 m, NI 25 L VE RS T4 R W5 A 5
DEMEE, g-
1.2.4.8 HUEALPERI 208 Xu SEP2 [y ki e
DPPH [ i 3EWEER# . S8 Chen 253 (1 )y ki 52
ABTS' H HILIERR .

A —(A,—A)

o A, ERELINRE B OGIE; A, as X IR
ZHIIWCAE Ay AT HEZH P OCAE -
1.2.4.9 (A  SRAEZETHXFER W5 PR T B
AP MERT, 70275 MRS hE AT
PATRHE . BEEEEL 3 AT . IR
L' (52 | a (LI-2f) . b™ (- .
1.2.4.10 BEIFS 1 15 D& Ll B &5
Bl 2GR W0 B S R A TR, T Bt
¥JiE it GB/T 10220-2012ECE 430 Ik Big)
FEal R, IR WIHI 3 (20) . F(20) . HIE(30)
FZH 20K 25 (30) PEAT PE 4 4T 49, 5 40 A 100 43
(F2),

H SRR %) = x100 I (6)

F2 BEEWMNE
Table 2  Sensory evaluation form
AN
B —, A6 (14~2043)
Bl —, B2 (7~1347)
BREIEIR (65 A T)
AR AR (14~204)
RFLAEER(7~1353)
AARRIEK(6TLLT)
FRMRAE Hh, &I 92(21~304))
BRI Hh, (H IR — B (11~2043)
FgG R, I BBt R (1040 ATF)
¥yotase, AR, JCRLE BT (21~3043)
B LERATH, BB (10~204)
BIRR R AR S], BT E G, R ONE ™
(1053 LAF)

RIECEA

i (2047)

A(2093)

I (3043)

HLURZE(3043)

1.3 #IEAIE

FITAT PG H A =R, 45 S LA I (bR e 22
N ffH SPSS 26.0 FLEE R Jr 2243 T (ANOVA)
1 1) Duncan 72 A6 1 45 &b B S Y4 (8 () 22 57 B
Mo P<0.05 #nZEFBFE . iz H Origin 2021 K4
TEEL
2 HERESH
2.1 BAEFENESAN M BPDF UL
2.1.1 PANZEEICEGEEER nE 1 nlgn, S TR (A)
IS 75 B E] (B X 5 A2 S 7 SDF 153K A5 i L Je Tt
JE RE#aH, I3 SIAE 450 W I 20 min ik 2 I5A(E, 15
YN 14.15%+0.18% FlI 12.78%+0.19%. X5
EHTAER ZER P R I B AT AR 2 R —
B, PoRAE BERE E A AU R i BE (L 3 SDF i,

(A) 157 a (B) 14 © 151 a
14t 13} l4r £ ab
~ 13t — ~ 13} b
<13 s 12} s 13
¥ 12} S Py 12}
b M T 3
w !y ST o
=10t & =10}
ZI! wnn 9t ZIt
8t 8t 8L
7= : : : : 7= : : : : i : : : :
300 350 400 450 500 10 20 30 40 50 15 20 25 30 35
DA (W) I TE] (min) AT (%)
D) 16 (E) 161
15} 15+
14t 14t
SHER: S 13t
w12t 12
CLa gt
S 10t S 10}
wn wn
9t 9t
8t 8t
7L~ : : : : 7~ ' ' ' '
15 20 25 30 35 45 50 55 60 65
LI () P IELEE (°C)
K1 BB 25 (4T SDF 159 % 1 520

Fig.1

Influence of ultrasound-assisted enzyme conditions on the yield of SDF
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Table 3 Response surface test design and results
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4 1 1 0 10.63
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7 -1 0 1 12.31
8 1 0 1 10.53
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11 0 -1 1 10.76
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13 0 0 0 15.53
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15 0 0 0 15.92
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E(P<0.01), AR EFE](B) | B (C) M HAS H.
Ti(AB. BC)IRZIAA .25 (P>0.05) . AR ZE 5200
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Table 4 Analysis of variance of the regression model

FERE  CFIIM Al ¥ P Pl WEME
BIHEEAR 9739 9 10.82  76.10  <0.0001 o
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BC 0.7056 1 0.7056 496  0.0612

A 15.60 1 1560 109.69 <0.0001 o
B’ 36.02 1 36.02 25327 <0.0001 o
c? 30.86 1 30.86 217.00 <0.0001 o
B2 0.9955 7 0.1422

PRE 0.7604 3 02535 431  0.0959
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HIEEE 9839 16
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Kl 2 R SSHARE IR AR SDF 15352 Me A 1 1 ]
Fig.2 Response surface diagram of the influence of the interac-
tion of various factors on the SDF yield of blueberry pulp
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Table 5 Physical properties of dietary fiber in blueberry pulp
before and after modification
FEdh Rk Ji(glg) Felidi(gg) EHKII(mLig) VEfEME(%)
KEUHEBPDF  4.154£0.06°  2.68+0.02°  1.54+0.03°  58.35+0.39"
UMEEBPDF  5.73+0.04°  3.89+0.01°  3.39+0.07°  65.52+0.65"
T R R F-REFROR 2253 135 (P<0.05) .
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Fig.4 Contact angle between BPDF and the milk system

before (A) and after (B) modification
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Table 6 Texture characteristics of yogurt during storage
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Il IAIlIEE] AR
173.50+  180.17+ 199.97+ 191.73+
0 1.18% 1.71% 1.87% 1.87%
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2.05M 1.04%¢ 2.50% 3.40%
T " 17057+  176.73+ 194.43+ 185.23+
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; 24507+  259.90+ 283.40+ 267.33+
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Fig.5 Frequency scanning curve of yogurt during storage
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