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In a chemically defined medium containing casein and lupin proteins as sole
nitrogen sources, positive interactions were observed in co-cultures that
associated a proteolytic strain, either Enterococcus faecalis (Efa) or Eactor Levels ReSDONSES
Lactococcus lactis (Lla), and a non-proteolytic strain, Lactiplantibacillus actors P
plantarum (Lpl). The positive interactions were mediated by the peptides
and amino acids provided by the proteolytic strains and were stronger with Bacterial growth
Efa (Canon et al. 2021). *Enterococcus faecalis CIRM-BIA2412 (Efa) (Fig. 1)
The aim of the study was to evaluate the impact of these positive «Lactococcus lactis NCDO2125 (Lla)
interactions on the organoleptic and textural properties of mixed dairy and . . : Clepe e
olant-based yogurt alternatives (YAs) Starter N *Lactiplantibacillus plantarum CIRM- SN Acidification
As lupin proteins are associated with unpleasant flavour, two different culture BIA1524 (Lpl) (Table 1) SDS-PAGE
milk:lupin protein ratios were tested (67:33 and 50:50). In order to *Co-culture Efa x Lpl Proteolysis
substitute animal-based fat by plant-based fat, anhydrous milk fat and *Co-culture Lla x Lpl =) (Fig. 2)
coconut oil were also tested. OPA
Fat tvoe Anhydrous milk fat (AMF) Physical / Firmness
; : — Storage 4 °C . . ) . .
L el ype == Coconut oil (COCO) m==)  Properties \ Viscosity
Lupin proteins isolate i : (Table 1) Water
1-3,3 /100 ) " ! .
1,1-3,3 g/100 g T % | I\/I||k|up|n = hOldlng
Whey proteins g : s . . 50:50 h‘;;“:‘\;\_& Ca aCit
(0-1,1g/100g) | — PN prote|n ‘ ‘ j ;»E?\% P Yy
= 500 rpm 24000 rpm 50/250 bar 500 rpm I Fermentations . 67 . 33 SRS . (W H C)
(1,5g/100 g) 60 min 10 min 55 °C 10 min ' 30°C ratio SenSOry analyS|S
60 °C 60 °C 95 °C ! 7-12h ‘ .
Sucrose Mix Prehomogeneisation Homogeneisation Heat treatment | reetedpr 47 (Flg' 3)
(1g/100g) > Mﬁng of - Protein -> Fat emulsion -> Sterilisation and :
fat solubilisation protein denaturation I
Water I

Table 1. Physical properties of the 20 yogurt alternatives according to fat, protein ratio and cultures

* Total bacterial counts reached 10°

starter and the protein ratio but not
by the fat type

Efa showed a strong proteolytic
activity and hydrolysed both milk and

$ 70 cfu/mL in each YA
=
= 60
. . : : -values
3 <o * Protein ratio and fat type had no Fat type| oreinratiol . Efa x Lpl Lla x Lpl P
3 40 impact on bacterial growth (Fig. 1) (milkc:lupin) Fat | Ratio | Cultures
e °
i 30 d df . T bl 1 Acidification rate (de/h) 0.34+0.02°0.34+0.01° 0.39 | 0.21 |<2.2e-16
x o and acidification (Table 1) Final pH 493 %0105 4.74 +0.02° 476 +0.07P| 0.72 | 0.93 |<2.2e-16
3 10 ' Efal" Pl e |pl reached a significantly higher coco | 5050 [073£0:027[0.950.09°[1.44 £ 0.07 9135 0.09 [ 1.28 £ 0.07 ¢
= axlLp ) . i i .
2 0 proportion when co-cultured with Efa Apparen;tvgg?lltv (Mapp) 67:33 |0.98+0.022/1.15+0.08"[1.61 + 0.06 9[1.59 + 0.07 9| 1.42 + 0.11 > £.08] 1607 < 22616
COCO50 COCO67 AMF50 AMFe&e7 . . ¥ b ¥ d + cd + C *
compared to Lla (Fig. 1) Pa.s AMF 2(7)::2 M 1;; ; g'ég - 1650107 1.6£0.10 11'558‘+00'0199 c
Fig 1. Percentages of the Lpl strain in co-cultures ; i 24£0.07°[1.76£0.079[1.71 £ 0.15 | 1.58 4 0.
coco 50:50 _0.21 + 0.02 2P[0.24 + 0.01 [0.22 + 0.01 2[0.21 + 0.01 2P
Firmness 67:33 [0.29+0.022/0.37+0.02°b _0.42 +0.02 <[0.41 + 0.06 bc > £-11/4 E-00| 9.2€.04
- 3 3 5 3 N AMF 50:50 |0.23 + 0.012/0.29 + 0.01 2°[0.29 + 0.01 P[0.27 + 0.00 2|0.26 + 0.01 2 '
Molecular .,5,0 ;’ ;I .,§ ;’ ;’ 67:33 0.33+0.012/0.44+0.04°
weight § \\? U [éb § L 0 O LZ,?
(kDa) O v W G Y ¥ W . - s
- C0CO 50:50 815+73°] 96.5+2.3
250 —% Water holding capacity 67:33 87.8+3.6P[91.4+0923|981+0.12| 98.1+0.22 | 96.1+1.82 3E.04l8 E.05| 7 E-15
- : 100 (WHC, %) 50:50 _ 815+6.1°[98.1+082| 973+1.72 | 974+1.4>
* Proteolysis was impacted by the - X AMF
» = Sy o 67:33 86+1.7¢ |865+33%| 98+0.1° | 975+0.6°2 | 94.8+ 0.8
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lupin proteins (Fig. 2)
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a,b,c,d: statistical differences between cultures in the same row
For each property, the color scale from red to green represents the highest and lowest value,

Only the YAs fermented by Efa did not reach the targeted pH within 12 h incubation.

* Protein hydrolysis was hardly 10~ —_ ' —
observed with Lla Free NH, ” * Lla acidified faster, followed by Efa and Lpl. In both co-cultures, the acidification rates did
:;’;“p:‘}'::: S not differ from that of Efa and Lla cultures (Table 1).

Lpl decreased the levels of free NH,

compou ds COCO067 COCO50
Fig 2. SDS-PAGE and quantification of free NH, groups AMF, with a milk:lupin protein ratio of 67:33, and fermented with Lla or Lla x Lpl.
a,b,c : statistical differences between cultures  The association Lpl x Efa resulted in more viscous and firmer YAs, as well as less wheying
off, compared to the YAs fermented with Efa alone.
A
. Lia x Lp_AMF67 . * YAs were differentiated according to the
lgh-cottage chesss EL,:_AMFS? R Lax LpLAMFS0 protein ratio (Diml1) and the fat type - 12 yogurt alternatives were prepared.
m:gm:;;; A " astringent Contribution (Dim2) but not the starter (Fig. 3).
g : ¢ Lla_AMF50 . . . . . . . .
e oasa S — lo_g | | | - With positive interactions (Efa x Lpl), both strains contributed to the final
g-“ Aiut;“bﬁ“/ﬂu """" B * The protein ratio of 67:33 was described properties of the YAs. Without positive interactions (Lla x Lpl), only Lla
S Ua_cocoe7 ®  smootn " A gy strong iEZ as pleasant, textured (hard gel) and contributed in the final properties of YAs.
S Lia x Lpl_COCO67 » N 0.0005; nonhomogenous as opposed to the
05 - A fresh ﬁi - CO;DSD ratio 50:50 described as unpleasant, - More textured Yas (firmer, less wheying off, more viscous) were obtained
. - bitter and with a mellow texture (Fig. 3). with anhydrous milk fat and a milk:lupin protein ratio of 67:33.
- 4 * AMF was described as milky, lactic and - Substitution of milk protein by lupin protein can be acceptable, in terms
| “goaty” and COCO as fruity, fresh and of flavour and texture, if the milk:lupin protein ratio is about 67:33.
. | . Jowery | nutty.
e o Dimt (396%) - - Coconut oil and anhydrous milk fat gave different physical properties that
Fig. 3 Correspondence analysis map of sensory analysis (sorting were not perceived during the sensory analysis. Substitution of animal-
task) data obtained for the 8 YAs fermented with Lla and Lla x Lpl sourced fat by plant-based one is thus achievable.

Apparent viscosity at 50 s, firmness and WHC were significantly higher for YAs: containing
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