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ABSTRACT

Soybean meal is one of the most important protein
sources in concentrate feeds for dairy cows. The ob-
jective of the present study was to provide knowledge
on the effects of using a novel yeast microbial protein
source (Candida wutilis) in concentrate feed for dairy
cows on the production and quality of a Gouda-type
cheese. Forty-eight Norwegian Red dairy cows in early
to mid lactation were fed a basal diet of grass silage,
which was supplemented with 3 different concentrate
feeds. The protein source of the concentrates was based
on conventional soybean meal (SBM), novel yeast (C.
utilis; YEA), or barley (BAR; used as negative control
because barley has a lower protein content). The ex-
periment was carried out for a period of 10 wk, with the
first 2 wk as an adaptation period where all dairy cows
were fed grass silage and the SBM concentrate. The
cows were then randomly allocated to 1 of the 3 dif-
ferent compound feeds: SBM, yeast, or barley. Cheeses
were made during wk 8 and 9 of the experiment, with
4 batches of cheese made from milk from each of the
3 groups. The cheeses made from milk from cows fed
SBM concentrate (SBM cheese) had a higher content
of DL-pyroglutamic acid and free amino acids than the
other cheeses, indicating a faster ripening in the SBM
cheeses. Despite these differences, the sensory proper-
ties, the microbiota, and the Lactococcus population
at 15 wk of ripening were not significantly different
between the cheeses. This experiment showed that al-
though the raw materials used in the concentrate feed
clearly influenced the ripening of the cheeses, this did
not affect cheese quality. Yeast (C. utilis) as a protein
source in concentrate feed for dairy cows can be used as
a replacement for soybean meal without compromising
the quality of Norwegian Gouda-type cheeses.
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INTRODUCTION

The feed industry needs to develop novel, sustainable,
nonfood protein sources to increase food security and
to have more choices in an unpredictable future. Due
to limited cultivatable land and a challenging climate,
there is a shortage of nationally produced protein feed
sources in countries above approximately 55° N, which
necessitates the import of protein-rich feed ingredients
(de Visser et al., 2014; Overland and Skrede, 2017).
Diets for high-yielding dairy cows in Norway commonly
consist of grass silage and concentrates at a ratio of
60/40 (Animalia, 2019). Today, it is difficult to locally
produce sufficient amounts of protein from grass silage
and cereals such as barley to cover the nutritional
needs of high-yielding dairy cows. The Norwegian dairy
industry therefore needs to find novel and alternative
protein sources that can be added as a supplement to
barley in feed concentrates.

Around 75% of the soy produced worldwide (mea-
sured by weight) is used as feed for livestock (FCRN
Foodsource, 2020). Because the world’s population is
expected to increase to 9.8 billion people by 2050 (Unit-
ed Nations, 2017), this is not an optimal use of soy
protein. Soybeans are rich in protein, making them an
excellent protein source for human nutrition. However,
the feed influences the milk composition (Sutton, 1989)
and, therefore, most likely the cheese quality. Several
studies have evaluated the effect of different protein
sources used in feed for dairy cows on milk and cheese
quality; however, none of these studies used yeast as a
protein source in the feed. Sankarlal et al. (2015) fed
dried distillers grains at 0, 10, and 20% of a TMR diet
to mid-lactation Holstein cows and found an increase
in long-chain unsaturated fatty acids and a decrease in
most medium-chain and all short-chain fatty acids in
Baby Swiss cheeses. Testroet et al. (2018) compared 2
different isonitrogenous and isoenergetic diets given to
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mid-lactation Holstein cows: a diet containing 13.5%
of DM from soybean meal versus 19.5% of DM from
reduced-fat dried distillers grains. They found no differ-
ences in the suitability of milk for cheese making (Baby
Swiss cheese), as the quality of the produced cheeses
was similar. Ferreira et al. (2017) studied the effect
of partially replacing ground corn and soybean meal
with licuri cake (a biodiesel by-product) at different
concentrations (0, 200, 400, and 600 g/kg in DM).They
reported a linear increase in milk fat concentration,
which resulted in a higher fat content in the Minas Fr-
escal cheese. They observed no differences between the
feeds in relation to yield, protein, lactose, total solids,
and solids nonfat in either the milk or the cheese.

Innovative methods are needed to increase national
self-sufficiency of livestock feed and to reallocate nu-
tritious soy protein from feed to food protein. Recent
developments in biorefining technologies have made
it possible to produce yeast biomass by fermentation
of sugars derived from lignocellulosic biomass, such
as spruce wood (@verland and Skrede, 2017; Lapena
et al., 2020), where enzyme technology has been used
to convert the cellulose and hemicellulose into sugars.
Today, single-cell protein from yeast, bacteria, and
algae are obtained by commercially growing them on
molasses from different sources (e.g., sugar cane, sugar
beets, corn). It is, however, possible to use by-products
from agriculture and raw materials from forestry. Many
countries have substantial areas of forest that tradi-
tionally have been of low value as feed for livestock.
Forested areas in Norway account for 37.4% of the
mainland (Statistisk Sentralbyra, 2019) and therefore
represent a large bioresource. Production of biomass
from wood may make it possible in the future for the
livestock industry in areas with low self-sufficiency of
protein-rich feed to use locally produced nonfood pro-
tein sources such as yeast in animal feed.

Several studies investigated the effect of yeast as a
protein source in feed for dairy cows on feed efficiency,
milk yield, and the metabolic status of the cow (Sabbia
et al., 2012; Neal et al., 2014; Manthey et al., 2016). No
clear differences in milk composition could be attributed
to the different feed treatments. However, these studies
have only to a minor extent focused on whether use of
yeast influences milk quality more extensively than the
crude milk composition. To our knowledge, products
made from such milk (i.e., cheese) have not been stud-
ied. About 37.7% of milk is processed into cheese in the
European Union (Eurostat, 2019). Therefore, there is
a need to ensure that the use of novel yeast microbial
protein sources for concentrate feed for dairy cows does
not compromise the production and quality of cheese.
The objective of this study was to compare the effect of
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a novel concentrate feed for dairy cows based on yeast
(Candida wutilis) with a conventional concentrate feed
based on soybean meal or barley on the quality of a
Gouda-type cheese.

MATERIALS AND METHODS
Animals, Feed Composition, and Feeding Regimens

The feeding experiment was performed at the Animal
Production and Experimental Unit at the Norwegian
University of Life Sciences (As, Norway). All animal
procedures were approved by the national animal re-
search authority of the Norwegian Food Safety Author-
ity (FOTS ID 18038).

Forty-eight Norwegian Red dairy cows in early to mid
lactation were allocated into 3 treatment groups with
16 replicates per treatment based on parity, milk yield
at start of the experiment, DIM, and milk protein ge-
netic variants. An overview of the milk protein genetic
variants is shown in Table 1. Milk samples from each
individual cow were collected in wk 7 and analyzed for
SCC by flow cytometry (Bentley Instruments, Chaska,
MN). The feeding experiment lasted for 10 wk whereby
the first 2 wk were an adaptation period and during the
remaining 8 wk the cows were given the experimental
diets (cheesemaking was done in wk 6 and 7 of the
experimental period).

Table 1. Milk protein genetic variants (no.)"

Protein and genotype BAR SBM YEA
ag-CN
BB 10 14 11
BC 5 2 5
CcC 1 0 0
B-CN
Al1A1 0 1 1
A2A2 12 8 10
A2B 0 0 1
Al1A2 4 7 4
K-CN
BB 0 1 1
HH 0 1 1
AA 14 12 9
AE 1 1 3
AB 1 1 2
B8-LG
BB 6 9 6
AB 8 4 8
AA 1 1 1
Unknown 1 2 1

"The experiment was carried out for a period of 10 wk, with the first 2
wk as an adaptation period where all dairy cows were fed grass silage
and soybean meal (SBM) concentrate. The cows were then randomly
allocated to 1 of the 3 different compound feeds: SBM (n = 16), novel
yeast (Candida utilis; YEA; n = 16), or barley (BAR; n = 16).
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During the entire experiment, the cows had free ac-
cess to good-quality grass silage from individual auto-
matic feeders. Mean daily silage DMI was 14.5 kg/cow
during the experimental period. During the 2-wk adap-
tion period, cows in all 3 treatment groups were fed
the soybean meal (SBM) concentrate feed. During the
experimental period (8 wk), the cows in each treatment
group received concentrate feed prepared with SBM
(as in the adaption period), C. utilis (YEA), or barley
(BAR; negative control diet where soybean meal or
yeast were replaced by barley, which has a lower pro-
tein content).

The amount of concentrate feed for each individual
cow was calculated using the Nordic feeding standard
(Volden, 2011). This was on average 7.7 kg of DM /cow
per day during the experimental period. The daily por-
tions of the concentrate feed were fed from automatic
feeders on split portions with a maximum of 4 kg/cow
per visit.

Characterization of the Experimental Feeds

The chemical composition of the basal diet (grass
silage) and concentrate feed is provided in Table 2. The
experimental concentrate feeds were prepared in such
a way that the SBM and YEA were iso-proteinaceous
and all 3 feeds were roughly iso-energetic. This was
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achieved by substituting yeast and barley for the soy-
bean meal in the respective diets. The C. utilis used
in this experiment was produced by Danstar Ferment
(Fredericia, Denmark) with sugar cane molasses as the
growth medium.

Collection of Milk and Cheese Making

Cheeses were made during wk 8 and 9 of the feeding
experiment. The cows were milked by a milking robot
system (De Laval, Lund, Sweden), and the milk from
the specific cows of each group (SBM, BAR, and YEA)
was collected in a separate milk tank over 2 d.

It was only possible to sample milk from one experi-
mental group at a time. Therefore, cheese was produced
over 6 production days, 2 randomly selected days for
each type of milk. At each production day, 2 vats of
cheese were made and these were considered to be repli-
cates. This resulted in 4 cheese vats produced from the
same type of milk (SBM, BAR, or YEA); in total, 12
vats of cheese were made.

Full-fat Gouda-type cheese was produced using the
method described by Porcellato and Skeie (2016) with
minor adjustments. In short, cheeses were made from
300 L of pasteurized (72°C for 15 s) milk (standardized
to 2.7% fat). The milk was analyzed for fat, protein,
casein, and lactose using a MilkoScan FT1 (Foss Elec-

Table 2. Information (DIM at start, milk yield at start, and parity) on the dairy cows distributed in the 3 diet

groups and the composition of the 3 concentrate feeds

Concentrate feed!

Grass
Item BAR SBM YEA silage
Cows (mean + SD)
DIM at start (wk 0) 99.7 £ 35.43 101.2 + 31.48 100.6 + 37.04
Milk yield at start (L/d) 31.7 £ 7.97 30.2 + 7.61° 31.8 + 11.647
Parity 1.7 £ 0.95 2.0 = 1.63_ 1.7 £ 0.98
SCC (log cells/mL) 4.44 + 0.40* 4.37 4+ 0.34° 4.64 + 0.68
Chemical composition
DM (g/kg) 875.3 875.2 881.3 300
Ash (g/kg of DM) 69.6 65.9 67.5 75.8
CP’ (g/kg of DM) 133.9 161.1 156.5 181.4
NDF (g/kg of DM) 187.0 186.4 169.3 532.5
Starch (g/kg of DM) 406.1 385.0 364.9 —
Fat (g/kg of DM) 38.0 38.3 36.9 46.3
Water-soluble carbohydrate (%) 5.7 6.2 5.9 1.7

'The experiment was carried out for a period of 10 wk, with the first 2 wk as an adaptation period where all
dairy cows were fed grass silage and soybean meal (SBM) concentrate. The cows were then randomly allocated
to 1 of the 3 different compound feeds: SBM (n = 16), novel yeast (Candida utilis; YEA; n = 16), or barley

(BAR; n = 16).
n = 15 (milk yield not measured for 1 cow).

*The reported SCC is based on individual milk samples from wk 7 of the experiment.
‘n = 14 (2 cows were taken out of the experiment in wk 7-10).

n = 15 (1 cow was taken out of the experiment in wk 7-10).

The reported chemical composition is based on a minimum of 3 analyses on composite samples.

"Calculated as N x 6.25.

Journal of Dairy Science Vol. 104 No. 4, 2021



Olsen et al.: INFLUENCE OF CONCENTRATE PROTEIN ON CHEESE RIPENING

tric A/S, Hillerod, Denmark). The bulk starter was
prepared by inoculating a freeze-dried CHN-19 starter
(Chr. Hansen, Hgrsholm, Denmark) in UHT milk and
incubated at 20°C for 20 h. The cheese milk was inocu-
lated with 1% (vol/vol) of the prepared starter. After
30 min of preripening at 32°C, rennet (Chy-Max Plus,
Chr. Hansen) was added at 25 mL/100 L of milk. After
cutting, the curd was stirred for 18 min before whey
drainage and water addition, the temperature was in-
creased for 10 min to a scalding temperature of 38°C,
and further scalding and stirring proceeded for 35 min.
Whey drainage was 40% (vol/vol) and water addition
was 40% (vol/vol). After whey drainage and pressing,
the cheeses were salted in saturated brine (26%, wt/wt)
for 10 h. The cheeses were ripened for 10 d at 11°C at
60 to 65% RH and then for 14 d at 19°C at 65 to 70%
RH before further ripening at 4°C until 15 wk. Dur-
ing the first 10 d of ripening, the cheeses were coated
with 2 layers of Ceska-WL plastic emulsion containing
0.025% natamycin (CSK Food Enrichment, Leeuwar-
den, the Netherlands). After 24 d, when moved to the
4°C room, the cheeses were vacuum-packed in Cryovac
cheese vacuum bags (Cryovac, Elmwood Park, NJ).

Cheese Analysis

Cheese was sampled according to IDF standard 50C
(International Dairy Federation, 1995).

Chemical Analysis of Cheese. Cheese pH was
measured using a PHM 92 Lab pH meter (Radiom-
eter, Copenhagen, Denmark). Dry matter content was
determined according to IDF standard 50C (Interna-
tional Dairy Federation, 1995). Grated cheese samples
for analysis of free AA (FAA) were stored at —20°C
until analysis by HPLC as described by Martinovic et
al. (2013). Quantification of organic acids and carbo-
hydrates was done by HPLC, according to a method
described by Skeie et al. (2008). Total protein was
determined according to IDF standard 20B (Interna-
tional Dairy Federation, 1993). The citrate water slurry
used for determination of total protein was analyzed by
capillary electrophoresis as described previously (Jgr-
gensen et al., 2016; Ketto et al., 2017) using an Agilent
G1600AX equipped with Agilent ChemStation software
(Agilent Technologies, Waldbronn, Germany).

Sensory Analysis. Descriptive analysis of the
cheeses was performed when the cheeses were between
11 and 13 wk by a panel of 6 trained assessors, accord-
ing to the method described by Kraggerud et al. (2008).
The analysis followed ISO standards 8589, 5492, and
4121 (ISO, 1988, 1992, 2003, respectively) for the de-
sign of the test room, vocabulary, and response scale
(1-9), respectively. The means between the panelists
for each attribute were used in further calculations.
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Statistical Analysis

Significant effects (P < 0.05) of the experimental fac-
tors for all responses (outside of the microbiota data)
were found using the SAS Mixed models procedure
(SAS Institute Inc., Cary, NC). Feed was used as the
main factor (n = 3) and cheesemaking day (n = 6) as
a random factor. A least squares post hoc test (Tukey)
was used to test differences between means (all pairwise
differences).

Principal component analysis (PCA) of the organic
acids, FAA, and sensory profiling data was performed
using The Unscrambler X version 10.4 (https://www
.camo.com /unscramblersuite/). The data (except for
the sensory data) were weighted by dividing each re-
sponse variable by the standard deviation of the vari-
able.

Statistical analysis of the microbiota data was done
similarly to that described by Skeie et al. (2019).
Briefly, the sequence variants tables were normalized
using the cumulative-sum scaling method using the R
package “metagenomeSeq” (Paulson et al., 2013). Per-
mutational multivariate ANOVA between the cheeses
in the different diet groups was performed using the
Bray-Curtis dissimilarity matrixes (no. of permutations
= 999). The nonmetric multidimensional scaling was
chosen as ordination method using the Bray-Curtis
distance matrix.

RESULTS

Gross Composition of Cheese Milk and Cheese

Gross composition of fat-standardized cheese milk
and cheese is shown in Table 3. The casein content of
the cheese milk was significantly (P = 0.0005) influ-
enced by the concentrate feed, whereby the BAR milk
showed a lower casein content than the YEA and SBM
milks. The difference in casein content led to a signifi-
cantly higher rennet-to-casein ratio in the BAR cheese
milk compared with the YEA and SBM cheese milks.

After 15 wk of ripening, only minor compositional
differences were found between the cheeses. Although
not significant, the SBM cheese had a higher average
number of viable presumptive lactococci counts (log) on
M17 agar compared with the BAR and YEA cheeses.

Organic Acids

Principal components analysis of the organic acids
present in the cheeses after 15 wk of ripening (Figure
1) showed that the SBM and YEA cheeses were located
opposite each other along principal component 1 with
a higher content of orotic acid and DL-pyroglutamic
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Table 3. Gross composition of cheese milk, 24-h cheese, and cheese ripened for 15 wk within each diet groupl

Concentrate feed?

Ttem BAR SBM YEA
Cheese milk
Fat (%) 2.71 + 0.03 2.71 + 0.03 2.74 + 0.04
Protein (%) 3.66 + 0.14 3.74 + 0.06 3.69 + 0.04
Casein (%) 2.65 + 0.01" 2.79 + 0.04" 2.76 + 0.02"
Lactose (%) 4.68 £ 0.04 4.66 + 0.07 4.68 £ 0.02
Casein/protein (%) 72.39 + 2.65 74.77 £ 0.30 74.90 £ 0.25
pH 6.83 + 0.12 6.84 + 0.08 6.80 + 0.08
Rennet-to-casein ratio (mL/kg) 9.45 + 0.04" 8.96 + 0.13" 9.06 + 0.07"
Cheese 24 h after starter addition
pH 5.34 + 0.09 5.37 + 0.06 5.32 + 0.04
DM (%) 51.45 + 0.26 51.56 =+ 0.47 51.99 =+ 0.12
Counts on M17° (log cfu/mL) 7.51 £ 0.49 7.68 + 0.28 7.45 £ 0.18
Cheese ripened for 15 wk
pH 5.53 + 0.01 5.56 + 0.05 5.50 £ 0.02
DM (%) 58.15 =+ 0.25 57.89 =+ 0.34 57.48 + 0.95
Counts on M17° (log cfu/mL) 5.80 + 0.12 6.10 + 0.26 5.72 £ 0.13
Protein in DM (%) 53.11 + 0.37 52.71 + 0.94 52.92 + 1.22
DL-Pyroglutamic acid (mmol/kg) 0.96 + 0.06" 1.1 £ 0.04" 0.94 + 0.06"
Total free AA (pmol/g) 84.80 £ 4.82 92.52 + 7.16 85.03 + 4.11

**Means within a row with different superscripts differ significantly (P < 0.05).

"Values are presented as mean of 4 replicates + SD.

*The experiment was carried out for a period of 10 wk, with the first 2 wk as an adaptation period where all
dairy cows were fed grass silage and soybean meal (SBM) concentrate. The cows were then randomly allocated
to 1 of the 3 different compound feeds: SBM (n = 4), novel yeast (Candida utilis; YEA; n = 4), or barley

(BAR; n = 4).
*Presumptive lactococci.

acid associated with the SBM cheeses, whereas the
YEA cheeses in addition to BAR cheeses 3 and 4 were
associated with a higher content of lactic acid; YEA
cheese 4 was an outlier due to a higher concentration
of lactic acid compared with the other cheeses. The
SBM cheeses showed a clear clustering, whereas the
YEA and BAR cheeses showed a greater variation and
a less clear clustering. The SBM cheeses contained a
significantly higher concentration of DL-pyroglutamic
acid (1.1 £ 0.04 mmol/kg) than the BAR (0.96 £ 0.06
mmol/kg) and YEA (0.94 + 0.06 mmol/kg) cheeses,
which is in accordance with their positioning in the
PCA (Figure 1).

Protein, Proteolysis, and FAA

The electropherograms showed that the composition
of the cheeses differed for some proteins and large pep-
tides (Figure 2). The BAR cheeses had a higher peak
of intact 3-CN A1l and ~;-CN A2 compared with the
SBM and YEA cheeses. The SBM cheeses had a higher
peak of intact ag-CN 8P and 9P compared with the
BAR and YEA cheeses. The YEA cheeses had a protein
or peptide (denoted as “x” in the figure) that was not
apparent in the BAR and SBM cheeses.

The SBM cheeses contained a slightly higher (but not
significant) content of total FAA (92.52 & 7.16 pmol/g)
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compared with the BAR (84.80 + 4.82 pmol/g) and
YEA (85.03 £ 4.11 pmol/g) cheeses after 15 wk of rip-
ening. This derives from a slightly higher content of al-
most every individual AA (Figure 3), but no significant
differences were found for any of the individual FAA
between the 3 experimental ripened cheeses. However,
for arginine, the SBM cheeses contained a concentra-
tion (0.41 £+ 0.03 pmol/g) similar to that of the BAR
(0.38 £ 0.03) and YEA (0.42 £+ 0.05) cheeses.

The PCA of FAA (Figure 3) showed no clear group-
ing, but the cheeses produced from the second day of
SBM milk were characterized by a higher content of
most of the FAA, whereas arginine was more associated
with all cheeses.

Sensory Analysis

Sensory analysis was carried out by an industrial
trained panel at the ripening stage at which the indus-
try normally evaluates Norwegian Gouda-type cheese.
The sensory analysis showed that the SBM cheeses had
a significantly (P = 0.028) higher intensity of sour taste
(5.4 = 0.04) than the YEA cheeses (5.29 £ 0.05). The
PCA analysis (Figure 4) did not show any clear group-
ing of the cheeses, but the texture attributes “grainy,”
“pasty,” “elasticity,” “cohesiveness,” and “shear firm-
ness” explained most of the variation between the
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cheeses, and most of the taste and smell attributes
were clustered in the middle near origo and thereby did
not explain any of the variation between the cheeses.
Most of the YEA cheeses were associated with a pasty
texture, whereas the SBM and BAR cheeses were more
associated with a grainy texture.

Microbiota After 15 wk of Ripening

Analysis of the cheese microbiota after 15 wk of rip-
ening showed that the cheeses were not significantly
different with respect to the source of feed (Adonis
P-value = 0.483). The main genus identified was Lacto-
coccus (98.3% of all the reads) followed by Lactobacillus
(1%) and Leuconostoc (0.15%). The Lactococcus popu-
lation (as sequenced by the epsD gene) identified 22
sequence variants with abundance greater than 0.3%,
and no significant influence of the feed was found on
the composition of the Lactococcus population after 15
wk of ripening (Adonis P-value = 0.424). Nonmetric
multidimensional scaling did not show any clear cluster-
ing of the samples with regards to the microbiota, and
although small differences in Lactococcus population
composition were detected between the BAR and SBM
feeds, no significant differences between the groups was
detected (Figure 5).

DISCUSSION

Concentrate feeds based on 3 different protein sources
(BAR, SBM, and YEA) were fed to 48 mid-lactation
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Norwegian Red cows during a period of 10 wk. Gouda-
type cheeses were made during wk 8 and 9 of the feed-
ing experiment.

The capillary electrophoresis uncovered differences in
protein composition and degradation during ripening
between the cheeses. However, although the cows were
grouped to balance the genetic variants, we did not
succeed completely and the grouping became some-
what unbalanced with some differences between the
experimental groups. The SBM group contained more
Al cows than the BAR and YEA groups. These dif-
ferences might explain some of the differences between
the cheeses as observed by capillary electrophoresis.
Although the BAR cows showed the lowest prevalence
of the 3-CN A1 allele, the BAR cheeses had the highest
peak of intact 3-CN Al after 15 wk of ripening, show-
ing a much lower degradation of 3-CN Al. The BAR
cows showed the highest prevalence of the B-CN A2
allele, but the peak height of intact f-CN A2 did not
differ between the cheeses of the different experimental
groups. However, BAR cheeses had a higher peak of ~;-
CN A2, and one possible explanation could be that the
degradation of 3-CN A2 was faster in the BAR cheeses.
The SBM cheeses showed higher peaks of intact ag-CN
8P and 9P, and because the rennet-to-casein ratio was
lowest in this cheese (although not significantly different
from the YEA cheese), a lower retention of rennet and
hence a lower rennet activity could be expected in the
SBM cheeses (Fox et al., 2017). This could further lead
to a lower degradation of ag;-CN in the SBM cheeses as
observed in this experiment. Therefore, if the rennet-
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to-casein ratio had been adjusted, these differences in
ag-CN degradation might have been less. In the pres-
ent experiment, rennet was added per volume of milk
as that is the normal practice in the Norwegian cheese
industry (there are normally very small variations in
protein and casein content of milk). However, when us-
ing new feed sources that might alter the casein content
of the milk, it may be important for the cheese industry
to adjust the amount of rennet according to the content
of casein in milk to make sure that the rennet-to-casein
ratio is constant and thereby standardize the initial
proteolysis of ag-CN in the produced cheese.

It is well known that proteolysis in cheese is impor-
tant and decisive for texture development in cheese,
and the differences we observed in the proteolysis pat-
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tern can explain why the sensory attributes related to
texture explained most of the variation between the
cheeses. Further work is needed to gain more knowledge
about how degradation of specific proteins and peptides
influences the development of texture during cheese
ripening. The SBM cheeses had a significantly higher
intensity of sour taste compared with the YEA cheeses,
which may be explained by the higher concentrations
of the FAA histidine, glutamic acid, and aspartic acid,
which can contribute to a sour taste (Kilcawley, 2017).

Most LAB are auxotrophic for several AA (Christian-
sen et al., 2008), and to grow and fulfil their nutritional
requirement they degrade casein to small peptides and
AA. The SBM cheeses had a higher total concentra-
tion of FAA, and, together with a significantly higher
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Figure 3. (A) Scores and (B) loadings of the principal component analysis of free AA in cheeses after 15 wk of ripening. The letter represents
the concentrate feed treatment (B = barley; Y = yeast; S = soybean meal), and the number after each letter indicates which replicate (cheeses 1
and 2 within the same diet group were made on cheesemaking d 1, and cheeses 3 and 4 were made on cheesemaking d 2). Principal components

(PC) 1 and 2 explain 80 and 11% of the variation, respectively.
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content of DL-pyroglutamic acid, this indicates that
the overall ripening occurred somewhat faster in these
cheeses. Moreover, the somewhat higher content of
Lactococcus spp. observed in the SBM cheeses both 24
h after starter addition and after 15 wk of ripening
may have contributed to increased enzymatic activity
and may thereby explain the faster ripening in these
cheeses. After 15 wk of ripening, DL-pyroglutamic acid
was the only organic acid that was significantly dif-
ferent between the cheeses. Pyroglutamic acid can be
formed from either glutamic acid or glutamine, where
the FAA cyclizes from a lactam (Tschager and Jager,
1988; RCSB PDB, 2020). The SBM cheeses obtained
a higher content of both glutamic acid and glutamine
while also having a significantly higher concentration
of DL-pyroglutamic acid. This supports the suggestion
that ripening proceeded faster in the SBM cheeses. Py-
roglutamic acid is a common compound in many cheese
varieties, but it is particularly present in long-ripened
cheeses such as Grana Padano and Parmigiano Reg-
giano. Mucchetti et al. (2000) found that the concen-
tration of pyroglutamic acid was positively correlated
with the ripening time of Grana Padano cheeses. Most
likely, variations in the microbiota of the cheese influ-
ence the content of DL-pyroglutamic acid (Mucchetti
et al., 2002). Nevertheless, in this experiment all other
factors except the protein source in the concentrate
feed were held constant during cheese production. A
mesophilic starter culture was used, and the cheese milk
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was pasteurized at 72°C for 15 s. Moreover, as shown by
the 16S rDNA sequencing made after 15 wk of ripening
to map the microbiota, no differences were observed
between the cheeses, and it is therefore not likely that
differences in the microbiota could explain the differ-
ences in ripening between the SBM, YEA, and BAR
cheeses. Based on these observations, it seems that the
development of pyroglutamic acid during cheese ripen-
ing is dependent not only on the starter culture or the
raw milk microflora but also on factors influenced by
the milk and the concentrate feed that the dairy cow
has been fed.

Further work is required to reveal the influence of
feed on cheese ripening. A study by Inglingstad et
al. (2016) tested the effect of adding saturated and
unsaturated lipids in concentrate feed to Norwegian
goats on milk composition, coagulation properties, and
cheese quality. The cheese made with milk from goats
fed concentrate with saturated fat had a higher total
solids content compared with cheese made with milk
from goats fed concentrate with unsaturated fat. They
also uncovered a faster ripening and a better texture in
cheese made with milk from goats that received concen-
trate supplemented with saturated lipids. These results
show that the feed may influence the ripening of the
cheese.

Even if the different concentrate feeds seemed to af-
fect the ripening of cheese in this study, the effect on
individual sensory attributes was minor. Nevertheless,
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these results show that a switch is possible from a bar-
ley- or soy-based concentrate (mostly used in Norway
today) to a more novel and sustainable yeast-based
concentrate while maintaining the overall quality of the
Gouda-type cheese produced.

The robustness of the experiment was tested by mak-
ing cheese with milk from the same group of cows over
2 cheese-making days, thereby using different milk,
which is more applicable to industrial production.
However, this led to quite high standard deviations for
some of the milk and cheese variables; this could be
one reason why we often see a trend in the results but
few significant differences. The cheeses were ripened for
only 15 wk when analyzed, and we could possibly ex-
pect a higher deviation between the cheeses if they were
ripened for a longer time. However, the bulk amount of
cheese produced in Norway is sold after 3 mo of ripen-
ing (J. Oyaas, TINE SA, Trondheim, Norway, personal
communication); therefore, the results obtained in this
experiment are very relevant for the industry.

CONCLUSIONS

The main finding in this experiment was that the
SBM cheeses seemed to have a somewhat faster rip-
ening process than the YEA and BAR cheeses as
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indicated by the significantly higher concentration of
DL-pyroglutamic acid and a higher content of FAA af-
ter 15 wk of ripening. However, beyond these results,
there are few clear differences between the cheeses, and
the sensory analysis did not show any clear indications
that support our interpretation of faster ripening in the
SBM cheeses. All cheeses were judged to be of good
quality, and these results thus suggest that the yeast
C. wutilis can replace soy or be added as a supplement
to barley in concentrate feed for dairy cows without
compromising the quality of cheese.
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