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Abstract: Selecting appropriate composite fermentation strains is important for improving the quality of nut-based yogurt. To investigate
the effects of mixed starter cultures on the quality of macadamia nut yogurt during refrigerated storage, combinations of Streptococcus
thermophilus (St) and Lactobacillus delbrueckii subsp. bulgaricus (Ld) with Lacticaseibacillus casei (Lc), Lactobacillus acidophilus (La),
Lactiplantibacillus plantarum (Lp), Lacticaseibacillus rhamnosus (Lr) were evaluated. Changes in physicochemical properties, viable bacteria
count, antioxidant capacity, and sensory characteristics were monitored during 21 d of storage at 4 “C. The results showed that the Ld/St/La
group had the highest titratable acidity (TA) and the lowest pH value (from 4.2 to 4.4) during the middle and later stages of refrigerated storage.
The Ld/St/Lp group had the lowest shear viscosity on day 21 of storage, whereas the viscosities of the other groups remained stable. The
Ld/St/La group had the highest viable count of Lactobacillus Lactobacillus, which exceeded 7.42x108 CFU/mL during refrigeration, and the
Ld/St/Lc and Ld/St/La groups had higher numbers of Streptococcus thermophilus during the late stage of storage. The Ld/St/La group also had
the highest total phenolic and flavonoid contents, as well as the strongest DPPH and ‘OH scavenging abilities and the highest FRAP value. The
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addition of Lc, Lp, and Lr to the Ld/St combination also improved the antioxidant capacity during the middle and later stages of refrigerated
storage. In the sensory evaluation, the Ld/St/Lc and Ld/St/Lr groups received the highest scores. In conclusion, the Ld/St/La combination had
significant advantages in enhancing acidity, viable cell activity, and antioxidant capacity, whereas the Ld/St/Lc and Ld/St/Lr combinations had
the best sensory properties but slightly lower antioxidant capacity. This study provided a theoretical basis for strain selection and process
optimization of macadamia nut yogurt.

Key words: macadamia nut yogurt; starter culture; refrigeration; physicochemical properties; viable cell count; antioxidant activity

VIR LGS, YRR RARE4 Y, SARE KRG RE KR, B8R DR ER Y2
fhs DRIHARE RS . FRRZHT A S S B AR A, SRR SR (Macadamia integrifolia) J57 TKHE, #4% 2023
G, TGN R A A O 6 77 hm?, ERERTETA KRS, HEREEES, EASE
6.98%~9.81%", T AL 4E S ZEYSIEERD, B TT R L R T S (K 7. AR, S SR
MHERIEAE AN T o, SRR THAR, I TEARAR, TR IR FAE YRR YR T T+ H i3 M A

&L B S E AR, SRR R T TR BRI SS,  HFLRR B 7 AR eT e I
ERAS. PRRAE . R AEE LS AR A BRSO T R i, e SR MR A R o,
ANFIFLIRH E G KA R MG RC I R AR 28 s IR 72 Re I ot — 0 S M R W 7E V4 SR U [R] PRI RR
B TEEARE S TURAR . PUAThRE SR SRR E MR AN I . AR A E =R 5 IR ThReREE
Z 5, DAL, TR R R R R Y R I L 2 U N E 2L

Mg HVEERR B (Streptococcus salivarius subsp. thermophilus, St) AR IIFE FLAT B (Lactobacillus delbrueckii subsp.
bulgaricus, Ld) @G REARYF A S, StIFEMERE = EGPER, M Ld U F=Z5A TR, &
AR, P ERCRES SRR ET . T o YRR IR R SR ARG IS LR BRI
LIRS, WEARTP I EARE, s E (Lacticaseibacillus casei, Lc). FEFRFLIT B (Lactobacillus
acidophilus, La). f#FFF 5 (Lactiplantibacillus plantarum, Lp). RZSFEFAFFEE (Lacticaseibacillus rhamnosus,
Le) 208, st. Ld flLe. La. Lp. Lr S4UREA RSN S5, R AREIERIERIARR, LU SH
il 2 [EAFAE AR BB ST S AT E VIR RR W) R I S A g R R R AE AR 2 R AN RIS AL, - AT R R 7594
SRS VEI R S B VEEE T R ST AR, SR AR B R A BRI ST S SRR T A AR
Kb, A5 RS R B A A TR TR v I O A MRS M AN AR, X AR SRR ), pl IOk R, Sl
HA R CAT RIS RIBE T, (H IR R R IR B A WARIE

AHFFAE SULD H-A AR B, 20 BITRIN Lo La. Lp. Lr ZEHRAEIR R SR, FERF TR0 R SR iR 2 %,
GYRTAN TR R BRGNS R e VA R (AT ER AR VS B UL RE AR s, O R SRR A L R Y 1
PR 2 I R AR LR -

1 RSk

L1 A5

BOMIRIE GEER 15 F2E T VEAET, e G R A& & 8.26%. R & & 73.60%:; IS
FUFFBEIFETE A (VIP (L) 1155) (GEHEEL 5.2610° CFU/ML). MEHEEERE (VIP (L) 11246) (JEHK
6.33x10° CFU/mML). TH&FLATE (VIP (L) 13002) (3% %k 5.2<10° CFU/ML) . HEAFLFFE (VIP (NG) 13002)

(JE %L 5.38x10° CFU/ML). FEREFLATE (VIP (NG) 1208) (EE %L 5.49>10° CFU/ML). FRZHEFLFFTE (VIP
(L) 13004) GE#L 5.47<10° CFU/ML) 5B FIG (5 B i i i - ARRA IR AR, MRS A1 M17 K.

MRS £ M17 BRI T BN B EAEEARAIRA R W& TR (Gallicacid, GAE) 4 99%. /T (Rutin, RE)

aiFF 98%. 6-F22:-2,5,7,8-V I LE-2- 4R (Trolox) ZEfE 99%. 1,1-—2KE-2-% 3 (DPPH) W12 atkik
LR RA A, HR AR E = bt

12 PN&BE5%4%
YXQ.L-70 RS0 ZGR K &, AT RFEEITammIE G RA R ; SW-CI-2F BUIX AN #ik TAES,



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.5
IR SO AR AR, HWS-80B RUEIRIEIREEF-A, PUNFERENGERRHA R AR 3-18kS AL VR O, 1
Sigma A UV7S9CRT KAMNT WL, LigRHECRA IR AT DHR-2 RUEFRAX, SEEH TA
IXERAT]; FI200-S BYEUE Srd s b, i IRIBPEAN IR A R AH]

13 Jik

1.3.1  REEF| FeBR A 6 4) &

(1) WFEEERRIH % 2% Zahrani S0 MIEES, H 100 pL (9 St EREERE] 10 mL LH M17
WARREFREE (5 0.5% (mA) FLBED 1, AR EL 100 uL B REEFF ] 10 mL EH MRS P (5 0.5% (mV)
FUHED B, SRIGSBERIE 37 C N EE 48 h, S HONRETE, FATAF A R T -

(2) RPN ERYIHI % #4100 g WM 1:10 (mV) BIEEHIT 25 CHRI4KTIRIE 12 h )5, %
RENA L 10:15 (M) I ZEVB/K Rl &eh,  SBmid i 2B 2b A i I8, TN 5% (m/m) F4HRDEE 2R,
PR AMRDHIVARR, 76 10 000 r min™ (2 AE R 5 5 min, FRAFRINIR AT (R & & 22.51 pg GAE g,
HAF AT 1~4 CHIUKFRA, T 3 d WHIVEREYIERRY)

(3) WU R ELAPELIR IR E: SEI BT R R /- B B YIAR B, 85 “CUlf % F/K#E 15 min 347 LIRS
T J5 5 5% R I — 5 HLNIR A 5 R WY KR 2 % Shori S 73k i & R K B % R T B L R A& T
i BARILBI ST TRSEIRE, TS A Ld 5 StiG ARy 1:1~1:2 B, JRE VR 8GE, ATRAREE Ld/St 7§
FECH 1.1, R FornldsinS Ld B St % B[R HAR LR B, S 20 15 S0 R : Ld/St(1:1). Ld/St/Le

(1:1:1). Ld/iSt/La (1:1:1). Ld/StLp (1:1:1). Ld/St/Lr (1:1:1), KEEGIH & EWRATEE B ELFIE S, FHiEgEs
R (REIH EECA 10° CRUIML. ZETRSESS i DURE W Ad8 AR, i IEAS I R LA IR R R
R BR8] = MR ZRATIAL, BE AR EE T 208 98.5 mL Hfef B [ P R 578N 1.5% (V) K
FNEAT, 1540 CTREGFE 8h, KIBLAHFIRYIBNA/KAEH Lh (1R RE . FRYITE 4 C RAM 21d, 43 5ITEEE 1.
7. 14, 21 d BUFEIE A GHR R o
132 TA 4= pH N

73 IR F GB 5413.34-2010 £ GB 5009.237-2016 [ /77D BR W TA &&= pH E, TA & & UALR%E R .
1.3.3 BERIBFEMEAG I E

18 FIBCAT B4 40 mm “FATARRIRASAXAEIRE Ay 25 °C,  BI)i8# 0.1~200 s e Rk ah i .

1.3.4 FLER A & mieit 4k

27 GB 4789.35-2016 [1) 7715 E FLRR RIEAHMIEL, KRR WM IR o3 AR AT T3R5 75 FAEEBK TR 1) M17 Ao
FUERFFIA 1) MRS 3 AR b, BT FARIITE 374 C I HEFE 48 h T, WEAVEERK TR FIFLIR AT B £ UL CFU/mL
it
1.35 BRWBILEALME ST M)

IKIEMIRIH % 2% Li 7, FRIBURYIEES: 59 NN 40 mL Z808/K, RS 7E 45 'C F/K¥% 10 min,
FEA 0.1 mol L™ ) HCI O pH RHEZ 4.0, TR G4k 45 “CoKI% 10 min JS7E 4 000 rmin™ 244 F 850 20 min,
B &, 1 0.1 mol L ) NaOH ¥R pH £ 7.0, FRRESC 10 min, B EIWBE RS 50 mL, ONERT/KIR
VIRER, T By A0 B 5 DA R B s A e J T

(D) BEEEIIE: 2% Yangilar S 78RR, B0 mL FRFERL, AN 1 mL AEHE A, 7
SHRES), BN 2 mL BESECN 5% Na,COs i, #A)faHZAMKERZ 10 mL, =i FEEEE 1 h, T
760 nm ANIEOGAE, 1 GAE fbriEh<k, M=VCoF T, BOFAME, 45380 ng GAE-g #ox.

(2) W& EIINE: 2% Yangilar M7 3R EE, B 0.6 mL _E3RFEBAN 0.18 mL &2 %)y 5%
FHEREAVA R T E H, N 3.00 mL Z&17K, IRGIRS), #E 6 min G 0.36 mL Jii &7 40 10%7/57K & &4k
FRVA, FRIIRS), TS RRURE 5 min I 1.20 mL 1 mol L (A AN, 550 0.66 mL ZE 17K %
S 6.00mL, 7EIK 510 nm AbIEWROGAE, F RE fbrdErIZL, M=VUCrPArsess, BOFEIME, 45500 pg RE-g*
FKoRo

(3) BB TIRREE S (FRAP): 2% Shori 87 i ifE 52, B 0.4 mL 3R $REGE, I 5.6 mL FRAP
TAEM, RS TREE R 30 min, T 593 nm A R EMOEAE, F Trolox MbriENZL, (i —PAT5L88, HCF

3



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.5
PIE, S5 9 Trolox 48 pg-g” #or.

(4) DPPH ir%: 2% Yangilar M KBRS SGEATIE, 0.4 mL _IREZHGR 193688 FREATR 2
BIANA 5.6 mL ) 70 umol- L™ DPPH FREEIERACH], 53% 34515 T % dh SR 30 min, DMAFRS BN 1%4h R i
R, T 515 nm NllE HBOGE, M=o TS, BOFIME, SR %I

(5) BEMFE (OH) EREMMIE: 2% Yangilar 7237 0E, 43 9% 1.5 mL ) 0.75 mmol L™
SRAEZ A 1.5 mL (1) pH=7.4 PBS Sl T, Fe4MRAIEVREL 1 mL 1 0.75 mmol L™ BRER WSkl T i
o ARE I FIRKSE 1 mL, BN 1 mL iR & 08 0.01%1)id A, 1R E T 37 C/RIRE TR
N30 min, SMEEHELERK 536 nm ALIIE BB OGN A HA BT EAER F 1 mL AR 70 80 1%261R
-FA AR SV, RO MEICA Ags FIMXTHREICH 1 mL AR E0N 1% - BB AR MLV, [FIRS FHZ%
TR BB, WEWOLEEIE N Ay, 1A (D 1HE.

A1—4Ao
Az—Ag

Son= X 100% &))

B

Sorr——OH H IR

A—F 50 BB 6B AL

A,—— PRk BR S 4B RAE

AR bt BB ook HAH

= ICAT SR, BCPAME, 255 A%t
136 BRABREITE

e 12 ZF0E 20~35 & 2 Al HE i R E I 5L, 28 DU R PEN ORI (e HEURAS. AWk,
PERBEATVEANAT 23, W20 100 7p (R 1.t HEUBA. AR, R 70 BOUE 48 hr i) R i E , &K
BN GO IR R BB, AR, Oy TR E TR RIS, FEacRHBENIg S, T 12 Z1FZRX)
FER R HIUBA. AR, WRIIVFITEE IR, WPRIA — S T e i B VRS, 45 R B/ IFZRZ [AI AT
I AP R 2 e A (P<0.05), AT R A E .

RN REIREITN R
Table 1 Sensory evaluation for Australian nut yogurt

I El HFAE A

bk EFEHH—K, 25ad, AhF 16~20

(205) EEHH—HK, EGE, [2EFRE 10~15
EERE, THE 0~9

IR WM, R, FEEF, RAFHH 16~20

(204) MBI, B, A EILEAE 10~15
R, R, AL AT 0~9

N BLAT ARG N B R B AR,  RAEAT SR 21~30

(;j; IR B B AR, AR 11~20
TIER K BEAABA Rrbleg Aok 0~10

BRAHET, A Rk 21~30

(:zj; R RATH, TR REA 11~20
HAFE 0~10

14 BAFELE R

iR A SPSS B (19.0 D, {#A Duncan VELLESTMEZ M 2 5 RE M. ARFERFRGIER
M (P<0.05), KM origin 2017 {EKl.

2 HER5HH

4



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.5
2.1 BN R R ER YA BRI E TA & &5 pH {E# L A
a 06r La/st ad b 8or Ld/st [ Ld/stLc
[ Ld/stLe b o [ Ld/syLa T Ld/stiLp
05 TLdistiLa 2 55¢ o Ld/suLr
[ Ld/st/Lp c
o\\c’ 0.4} [Ldist/Lr i 50 aaapa a dabpab
] T ap Cabb a
<r]:[ 0.3F o 45} a ag
< b
F o2t b &, 40t ,
df md
0.1} 35} ,
0.0 30
1 21 1 7 14 21
ik s ) /d T st 1) /dl

1 FEIE A EM A BN R RESN D2 EAIBIAY TA &850 pH &
Fig.1 TAand pH of macadamia nut yogurt fermented with different mixed-strain cultures during refrigerated storage
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Fig.2 Viscosity of macadamia nut yogurt fermented with different mixed-strain cultures refrigerated storage
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Fig.3 The number of Lactobacillus and Streptococcus thermophilus in Australian macadamia yogurt fermented by different compound
strains during refrigeration
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