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Article 
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Mark Wieneke and Kristen Rutledge 

Kemin Industries, Inc., Des Moines, IA, USA 

* Correspondence: ryan.guldenpfennig@kemin.com 

Abstract: Plant extracts, such as olive extract (OE), have been used in human and pet foods for their 

biological benefits; however, no available data have demonstrated OE’s effect on palatability. The 

current study aimed to evaluate acceptance of dry and canned dog foods with differing inclusions of 

OE as a flavor component. Flavor compounds in OE were analyzed by gas chromatography- mass 

spectrometry and high-pressure liquid chromatography, detecting 137 volatile compounds including 

acetic acid and hydroxytyrosol. Dog kibbles were coated with liquid commercial palatants containing 

OE that resulted in application rates of 0 (control), 120, 200, and 500 ppm of OE in the diets. OE was 

also added at 0 (control), 120, 200, and 500 ppm into a wet food formulation with a commercial 

palatant before retort. Kibble and canned foods were fed to adult beagles (n=5/ treatment and n=4/ 

treatment, respectively) in a 4×4 Latin square design to determine acceptance rates using monadic 

testing. Results showed that adding OE up to 500 ppm did not impact food acceptance (P > 0.05). In 

conclusion, OE as a flavor ingredient can be added into dry or wet dog food applications without 

deterring effects on palatability. 
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1. Introduction 

Recently published results of a 3-year survey of US pet owners conducted by the Dog Aging 

Project found that over 82% of the participants reported feeding a kibble diet as the primary source 

of nutrition and 32% fed canned food as a secondary source [1]. In other surveys, nearly half of the 

respondents reported a preference for diets that included natural, organic, and/or sustainable 

ingredients [2]. While pet owners primarily feed processed diets for convenience, the humanization 

of pet food to provide natural, health promoting ingredients and increased palatability continues to 

drive innovation in the industry [3]. Plant-based products are commonly viewed as natural and 

beneficial diet ingredients. In response, pet food manufacturers search for plant-derived ingredients 

from various industry waste streams to both improve sustainability and satisfy customer preferences 

for improved nutritional benefits from processed, shelf-stable diets [4]. This, in turn, has led to 

interest in the potential benefits of these molecules for companion animals. However, the safety of 

plant extracts may vary with application and species, as dogs and cats have different tolerances for 

metabolizing the active molecules [5]. For example, a recent update from the European Food Safety 

Authority approved the utilization of rosemary extract as an antioxidant at different concentrations 

for cat versus dog food [6]. 

Publications focusing on the use of plant extracts in companion animal health focus on the 

administration via capsule or oral gavage, not as a part of the food matrix or flavor. One study 

administered capsules containing 200mg of a grapefruit extract, including 42mg of the bitter-tasting 

flavonoid naringin, to fasted dogs and measured the pharmacokinetics after a single dose and 

reported no adverse effects [7]. Another dog study evaluated the effects of a mixed polyphenol-rich 

blueberry and grape extract administered in a capsule added to food at 0, 4, 20, and 40 mg/kg/day 
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and found no evidence of renal or liver health concerns after a 24-week feeding period [8]. 

Kapetanovic et al. demonstrated a 10-times decreased risk of an adverse event when the tea catechin 

epigallocatechin gallate (EGCG) was administered in a fed state versus a fasted state in adult Beagle 

dogs. Dosages tested were 200, 500 and 1000 mg/kg/day, which are considerably greater than levels 

of EGCG commonly found in pet foods [9]. This study demonstrated that plant extracts should be 

administered as part of a diet to reduce the risk of potential adverse events if prior safety data is 

insufficient. 

Growing popularity of the “Mediterranean diet” has led to the increased use of olive extracts 

(OE) as both a food-stabilizer as well as a bioactive ingredient for improved health in human products 

[10]. While publications on OE in pets are scarce, dietary inclusion of a hydroxytyrosol-rich OE at 

1000 ppm did not have a negative health effect on senior cats [11]. Active ingredients in OE have been 

identified as volatile compounds in various olive species and products [12,13]. These volatile 

compounds have distinct aromas that may influence the acceptance of diets or supplements offered 

to pets. While it is important to evaluate the safety and benefits of these products in pets and pet 

foods, effects on palatability are under-represented in peer-reviewed literature. It is valuable for pet 

food manufacturers to understand the preference or tolerance of plant extracts in their diets to 

prevent negative consumer response. Previously, the acceptance of OE by cats demonstrated in an 

internal study using 2-day 2-bowl tests that provided between 15 to 150 ppm of dietary OE via liquid 

palatant in a kibble diet was equivalent to that of the control diet (0 ppm OE) [14]. The objective of 

the current study was to evaluate the acceptance of dry and canned dog foods with various 

application rates of a natural OE product as a flavor component. 

2. Materials and Methods 

2.1. Olive Extract Flavor Characterization 

Natural OE was provided by PhenoFarm (Scandriglia RI, Italy). Five subsamples of the same lot 

of OE were collected and analyzed in triplicate by headspace solid-phase microextraction coupled 

with gas chromatography quadrupole time-of-flight (HS-SPME GC/Q-TOF; Agilent 7250 Series, 

Santa Clara, CA, USA). Prepared in a 20 mL GC vial, 1 g of sample was mixed with 9 mL of saturated 

NaCl and 10 μL of an internal standard (200 ppb, 2-octanol/3 ppm, cyclopentanol) for qualitative 

analysis of volatile compounds. The sampling was automated by a PAL robotic tool change auto 

sampler (Agilent). The fiber (50/30 µm Carboxen®/DVB/PDMS, Agilent) was preconditioned at 250 

°C for 3 min, and then exposed for 20 min at 60 °C to the headspace above the samples in 20 mL 

headspace glass vials (Agilent) with agitation. After sampling, the fiber was transferred to the GC 

inlet (250 °C for 3 min), equipped with a 0.75 mm ultra-inert SPME liner (Agilent). The injection was 

conducted in hot split mode (1:20 split ratio). The GC-mass spectrometry (MS) analysis was 

performed on a HP-5MS capillary column (30 m × 0.25 mm × 0.25 µm film thickness, Agilent). The 

oven temperature was held at 40 °C for 2 min and increased to 270 °C at the rate of 8 °C/min. Mass 

spectra in electron ionization mode were generated at 70 eV. Data analysis was conducted by 

deconvolution using MassHunter Qualitative Analysis (Version B.07.00, Agilent). Compound 

identification was based on suggestions by the National Institute of Standard and Technology library 

(version NIST14) and confirmed using a linear retention index. The retention index of each identified 

compound was calculated using a saturated alkanes standard (C7-C40, Millipore Sigma Supelco, 

Bellefonte, PA, USA). 

For quantitative analysis, 1 g of sample was extracted with 4 mL of dichloromethane and spiked 

with 10 μL of the internal standard (201 ppm, 2-octanol/2990 ppm, cyclopentanol). Then, 1 mL of the 

dichloromethane extract was transferred to 2 mL GC autosampler vials for GC analysis. The GC-MS 

system consisted of a 7890 GC/5977A mass selective detector (Agilent). Separations were performed 

using a DB-Wax column (30 m × 0.25 mm i.d. × 0.25 µm df, Agilent). The initial oven temperature 

was 40 °C. After 5 min, the oven temperature increased by 8 °C/min to the final temperature of 230 

°C and held for 20 min. The flow rate of helium carrier gas was 1 mL/min. The mass spectra were 
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recorded in both full scan and selective ion monitoring mode (35-400 a.m.u., scan rate 5.27 scans/s, 

interface temperature 250 °C, and ionization energy 70 eV). The following ions were monitored for 

the selective ion monitoring mode: 41, 45, 55, 57, 60, 91, 96, 107, 108, 109, 137. The injection was 

conducted in hot splitless mode. Data analysis was conducted by deconvolution using MassHunter 

Qualitative Analysis (Version B.07.00). 

The presence of hydroxytyrosol was quantified in 4 samples of the same lot of OE following the 

high-pressure liquid chromatography (HPLC) method published by the International Olive Council 

[15]. 

2.2. Dog Food Preparations 

2.2.1. Dry Food 

Palatants are often applied on kibble surface to enhance palatability of the diet and deliver 

flavors. PALASURANCE® D70-420+XG Liquid (D70-420+XG) is a Kemin Industries-made liquid 

palatant that has been used in kibble coatings. It was chosen as the palatant for the acceptance testing 

due to high performance in previous internal palatability testing. One lot of D70-420+XG sourced 

from Kemin Industries production facilities in Verona, MO, USA was received for use as the control 

and for prototype blending. Prototype palatants were made by adding different levels of OE in the 

D70-420+XG to provide OE at 120 ppm (PT120), 200 ppm (PT200), or 500 ppm (PT500) to the kibble 

surface when coated with 2.5% of the prototypes (Table 1). The prototypes were prepared by 

measuring D70-420+XG and OE into 2 L glass beakers and combining with overhead mixers at 200 

RPM for 5 min. 

Table 1. Prototype formulations of finished good D70-420+XG and olive extract. 

Ingredient, % PT120 PT200 PT500 

D70-420+XG 99.52 99.20 98.00 

Olive extract 0.48 0.80 2.00 

Uncoated dog kibble (All Life Stages Chicken & Rice Formula, Diamond Pet Foods®, Meta, MO, 

USA) was weighed into a rotating mixing drum (model 450DD, Kushlan Products LLC, Katy, TX, 

USA), sprayed with 5% chicken fat, and mixed for 3 min. Liquid palatants were sprayed on at 2.5% 

inclusion rate and mixed for another 3 min. Coated rations were transferred to a gusseted foil bag 

and labeled for shipment and feedings. 

2.2.2. Wet Food 

The OE was added into a wet food formulation at 0 (control), 120, 200, and 500 ppm. The 

formulation of control and treatment wet foods can be found in Table 2. A grinder (Model Cutter 

C35Z, Fatosa, Barcelona, Spain) was used to grind frozen meat. The ground meat was then 

transferred to an electric kettle (Model KET20T, ClevelandTM, Ontario, Canada). The gums were first 

hydrated with water with a commercial blender (Model CB15, Waring®, McConnellsburg, PA, USA) 

before being added to the kettle and the other ingredients were also added to the electric kettle. The 

mixture was then heated to 26 °C. Once the temperature was reached, the mixture was transferred to 

a piping bag and the cans (307×109.3, Silgan Containers LLC, Woodland Hills CA, USA) were hand 

filled to 150 ± 3 g each. A vacuum seamer (Model UVGMD-HMI, Dixie Canner Co., Athens, GA, USA) 

was used to hermetically seal the filled cans. Seamed cans were then loaded into the retort machine 

(Model Multimode R&D Retort 2402 Series, Allpax Products LLC, Covington, LA, USA) to achieve a 

minimum of F0=8 (come up: 7 min; cook: 121.7 °C for 55 min; pressure cool: 15 min; atmospheric cool: 

8 min). The integrity of hermitic seals was tested with a seam analyzer (Model WACO Accuseam 

3000, Wilkens-Anderson Company, Chicago, IL, USA) before and after retort. Fifteen cans from each 

batch were also stored at 35 °C in an incubator (Model Heratherm IGS400, Thermo Fisher Scientific, 

Langenselbold, Germany) for 10 days and tested for pH, vacuum, and appearance to ensure sufficient 
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processing of the cans before feeding. The control and treatment wet foods were manufactured at a 

pilot plant at Kemin Industries, Inc. (Des Moines, IA, USA). 

Table 2. Ingredient inclusion rate for canned foods containing olive extract. 

Ingredient, % as-is 0 ppm 

(Control) 

120 ppm 200 ppm 500 pm 

Pork organ blend, frozen  35.00  35.00  35.00  35.00  

Chicken liver and heart, frozen  9.00  9.00  9.00  9.00  

Chicken mix, frozen  9.50  9.50  9.50  9.50  

Chicken viscera, frozen  6.50  6.50  6.50  6.50  

Ground turkey, frozen  16.50  16.50  16.50  16.50  

Ground white fish, frozen  5.00  5.00  5.00  5.00  

Dry palatant  2.00  2.00  2.00  2.00  

Salt flour  0.31  0.31  0.31  0.31  

Cat trace mineral premix1  0.05  0.05  0.05  0.05  

Cat vitamin premix2  0.08  0.08  0.08  0.08  

Choline chloride 50%  0.13  0.13  0.13  0.13  

Magnesium sulfate, anhydrous 20%  0.05  0.05  0.05  0.05  

Taurine  0.05  0.05  0.05  0.05  

Titanium dioxide  0.14  0.14  0.14  0.14  

Thiamine hydrochloride 

monohydrate  

0.01  0.01  0.01  0.01  

Potassium chloride  0.16  0.16  0.16  0.16  

Guar gum  0.15  0.15  0.15  0.15  

Kappa carrageenan  0.10  0.10  0.10  0.10  

Water  15.30  15.29  15.28  15.25  

Olive extract  -  0.012  0.020  0.050  

1 Cat trace mineral premix: iron (ferrous sulfate monohydrate) 60000 mg/kg, zinc (zinc oxide) 56250 mg/kg, 

choline (choline chloride) 54000 mg/kg, copper (copper proteinate) 6300 mg/kg, manganese (manganese sulfate 

monohydrate) 1350 mg/kg, selenium (selenium premix, sodium selenite) 225 mg/kg.  . 

2 Cat vitamin premix: vitamin A 1950000 IU/kg, vitamin D3 694444 IU/kg, vitamin E 37500 IU/kg, thiamin 33333 

mg/kg, niacin 12500 mg/kg, pantothenic acid 3333 mg/kg, pyridoxine 1833 mg/kg, riboflavin 1667 mg/kg, folic 

acid 367 mg/kg, biotin 29 mg/kg, vitamin B12 8.3 mg/kg. 

2.2.3. Chemical Composition for Treatment Foods 

Treatment foods were analyzed for moisture, crude protein, acid hydrolyzed fat, crude fiber, 

ash, and minerals at Midwest Laboratories (Omaha, NE, USA). Macronutrient contributions to caloric 

density and metabolizable energy were determined for each dry dog diet using NRC calculations 

listed below [16]. 

Gross Energy (kcal/kg) = 10 × (5.7 × Protein) + (9.4 × Fat) + (4.1 × Carbohydrates) + (4.1 × 

Crude Fiber) 
(1) 

Apparent Total Tract Digestible (ATTD) Energy (kcal/kg)

=  91.2 – (1.43 × 
Crude Fiber

100 − Moisture ×  100
) 

(2) 

Digestible Energy (kcal/kg)  =  
Gross Energy

ATTD Energy
 (3) 

Metabolizable Energy (kcal/kg) = Digestible Energy – (1.04 × Crude Protein × 10) (4) 
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2.2.4. Oxidation Markers Analysis for Dry Foods 

Study diets were analyzed for peroxide value [17–20] and secondary lipid oxidation products, 

2,4-decadienal and hexanal, to examine the level of oxidation as lipid oxidation could affect the 

acceptance and nutritional quality of a diet [21]. The measurement of secondary oxidation products 

was done by gas chromatography (Agilent 7890) at Kemin Nutrisurance Customer Lab Services (Des 

Moines, IA, USA). Five grams of sample and 11 mL of ethyl acetate were mixed in centrifuge tubes 

by vortex and then centrifuged for 5 min at 3500 RPM. The supernatant was transferred into vials 

and submitted for analysis. 

2.3. Acceptance Testing 

2.3.1. Dry Diets 

The dry food Monadic acceptance study was arranged in a 4×4 Latin square design using a total 

of 20 adult Beagle dogs (10 males and 10 females, body weight 8 to 17 kg) assigned to the 4 dietary 

treatments (0, 120, 200, or 500 ppm OE) across four 5-day feeding periods at Summit Ridge Farms 

(Susquehanna, PA, USA). On each day of the feeding period, 400 ± 1 g of each diet was offered to 

every dog and the amount of remaining kibble was weighed back at the end of each day’s feeding 

session. Food consumption was calculated as the difference between offered and leftover diet. Dogs 

had free access to water at all times. The percent acceptance was a calculation that determined the 

proportion of the ration consumed relative to the total amount provided as shown below. 

Percent Acceptance =
Ration Consumed

Total Ration Provided
 ×  100% (5) 

The mass of ration consumed by each dog was compared to their daily metabolic energy 

requirements (MER). The results are shown in Figure 1. The MER was calculated using the National 

Resource Council (NRC) equation for moderately active laboratory animals as shown in the equation 

[14]: 

MER = 110 ×  Body Weight (kg)0.75 (6) 

(a) % of MER Consumed Daily - 0 ppm Olive Extract in Diet. 

0%

50%

100%

150%

200%

Dog

1

Dog

2

Dog

3

Dog

4

Dog

5

Dog

6

Dog

7

Dog

8

Dog

9

Dog

10

Dog

11

Dog

12

Dog

13

Dog

14

Dog

15

Dog

16

Dog

17

Dog

18

Dog

19

Dog

20

Day 1 Day 2 Day 3 Day 4 Day 5

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 January 2025 doi:10.20944/preprints202501.1532.v1

https://doi.org/10.20944/preprints202501.1532.v1


 6 of 12 

 

(b) % of MER Consumed Daily - 120 ppm Olive Extract in Diet. 

(c) % of MER Consumed Daily - 200 ppm Olive Extract in Diet. 

(d) % of MER Consumed Daily - 500 ppm Olive Extract in Diet. 

Figure 1. Calculated percentage of daily metabolic energy requirements (MER) for Beagle dogs fed treatment 

diets with (a) 0 ppm, (b) 120 ppm, (c) 200 ppm, and (d) 500 ppm olive extract as a flavor component. 

2.3.2. Wet Food 

The wet food acceptance feeding trial was conducted at Kennelwood Inc. (Champaign, IL, USA). 

A 4×4 Latin square design was used for the study. Each feeding period was 5 days. A total of 16 adult 

beagles (7 males and 9 females) were included. Each dog was offered 2 cans of the assigned treatment 

canned food per day as a treat for a total of 1120 g over the 5 days while Purina Dog Chow (St. Louis, 

MO, USA) was fed to maintain body weight. The weights of canned foods consumed every day were 

recorded and the percent acceptance calculated as in equation 5. All dogs had free access to water.  

2.4. Statistical Analysis 

Food consumption data was analyzed using the following model: 

Yijklm = μ + Di + Tj + (D × T)ij + Ck + Pl + eijklm (7) 
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wherein Yijklm is the response variable, μ is the general mean, Di is the fixed effect of OE inclusion at 

the ith level (0, 120, 200, or 500 ppm), Tj is the fixed effect of timepoint at the jth level (days 1 to 5), 

(D×T) is the interaction of OE inclusion and timepoint, Ck is the random effect of individual animals 

at the kth level (k = dogs 1 to 20), Pl is the random effect of feeding period (l = 1 through 4), and eijklm 

is the associated error. This model was implemented in R (v4.3.3) using the lme4 package (v1.1-35.5) 

with residual assessment to evaluate model assumptions. No data points were excluded from 

analysis. Comparisons within each fixed effect were evaluated using the emmeans package (v1.10.5) 

to identify differences underlying the P value provided for each fixed effect. Least squares means 

were separated using Tukey’s method for multiple comparisons. 

Linear and quadratic contrasts were performed to evaluate any trends in feed consumption with 

increasing OE inclusion. Contrast coefficients were calculated in base R as OE inclusions were 

unevenly spaced and implemented in a model evaluating only the effect of inclusion within each 

feeding day or the 5-day average food consumption. For mixed model analysis and linear/quadratic 

contrasts, statistically significant outcomes were denoted at P ≤ 0.05. 

3. Results and Discussion 

3.1. Olive Extract Flavor Characterization 

The GC-MS analysis of the OE identified 137 volatile compounds, with the largest represented 

groups being alcohols (n=33) and esters (n=30). The 15 most abundant compounds were measured 

for concentration and reported on a dry matter basis, as listed in Table 3. The two most concentrated 

compounds reported were acetic acid and tyrosol. Results from quantification by HPLC of 4 samples 

from the OE lot used for the study ranged from 2258 to 2404 ppm (Table 4). In accordance with the 

current study, previous research has reported olive to contain hydroxytyrosol, which is considered 

pungent and bitter tasting [22]. 

Table 3. Concentrations of the 15 most abundant volatile compounds, calculated for dry weight basis, in a liquid 

olive extract as found via HS-SPME GC-QTOF. 

Compound 
Concentration, 

ppm 

Standard 

deviation 

Aromatic 

characteristics 

3-Methyl butanol 11.1 3.86 Malty 

Acetoin 17.0 8.89 Buttery 

(Z)-3-Hexen-1-ol 1.09 0.58 Fresh cut grass 

Acetic acid 4571 1476 Vinegar-like 

Furfural 11.9 1.75 Sweet, cereal-like 

Meso-2,3-butanediol 398 101 Odorless, bitter taste 

(2R, 3R)-2,3-butanediol/(2S, 3S)-2,3-

butanediol 
484 63.5 

Odorless to light 

floral 

Butanoic acid 21.1 10.3 Strong butter aroma 

Guaiacol 29.8 7.30 Smoky, gammon-like 

Benzyl alcohol 146 34.1 Fruity, bitter almond 

Phenylethyl alcohol 156 26.6 Floral, honey-like 

4-Ethyl guaiacol 10.9 3.08 Smoky 

4-Ethylphenol 254 24.4 Medicinal, barnyard 

Homovanillyl alcohol 745 84.7 Vanilla 

Tyrosol 3186 302 Sweet, fruity-floral 

Table 4. Concentration of hydroxytyrosol found in a liquid olive extract via high-pressure liquid 

chromatography. 

Sample # Hydroxytyrosol concentration, ppm 

1 2403.58 
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2 2316.38 

3 2258.24 

4 2282.84 

There was some limitation on the accuracy of compound concentrations in the current study as 

the results would be more accurate with the use of a chiral column and/or isometric standards for all 

the targeted compounds. However, standards were not available for all compounds due to study 

constraints. 

3.2. Analysis of Treatment Dry Foods 

All diets were similar in chemical composition and caloric density (Table 5), indicating low risk 

of interference on palatability from macro-/micronutrients. The oxidation markers measured were 

also similar for all diets. The reported levels were below the AOCS guidelines as indicators of lipid 

oxidation [23]. 

Table 5. Chemical composition and oxidation markers of dry foods containing olive extract. 

 0 ppm 

(Control) 

120 ppm 200 ppm 500 pm 

Composition     

Dry matter, % 90.9 90.4 90.5 89.9 

 --- Dry matter basis --- 

Crude protein, % 30.0 30.2 29.4 29.9 

Acid hydrolyzed fat, % 15.6 14.3 14.8 14.7 

Crude fiber, % 2.6 2.5 2.6 2.9 

Ash, % 6.7 7.0 6.9 6.7 

Sulfur, % 0.38 0.40 0.38 0.41 

Phosphorus, % 0.95 0.90 0.94 1.00 

Potassium, % 0.62 0.62 0.60 0.64 

Magnesium, % 0.12 0.12 0.12 0.13 

Calcium, % 1.37 1.25 1.45 1.48 

Sodium, % 0.34 0.33 0.32 0.37 

Iron, ppm  103 108 104 106 

Manganese, ppm  26.84 23.91 24.63 30.35 

Copper, ppm 9.90 11.07 9.83 12.56 

Zinc, ppm 204 201 201 210 

     

Caloric density     

Gross energy, kcal/kg 4666 4564 4592 4569 

Apparent total tract digestibility 

energy, % 

87.5 87.6 87.6 87.1 

Digestible energy, kcal/kg 4083 3997 4020 3977 

Metabolizable energy, kcal/kg 3799 3713 3743 3697 

     

Oxidation markers     

Peroxide value, meq/kg 0.9258 0.8788 0.8992 0.8611 

2,4-Decadienal, ppm 3 3 3 3 

Hexanal, ppm 2 2 2 2 

3.3. Acceptance Testing for Dry Food Applications 

The average consumption of the treatment diets ranged from 60.1 to 65.1% the amount of the 

offered diets (Table 6). No significant interaction between timepoint and treatment was observed (P 
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= 0.40). The main effect of timepoint was determined to be significant (P = 0.005) with food 

consumption on day 2 being 9, 10, and 9% lower than days 1, 3, and 4, respectively, regardless of OE 

inclusion. While the dogs did not eat all of the diet offered, the calories consumed were calculated 

for each meal and are shown in Figure 1. For the 100 feedings of each treatment over the study, 84, 

88, 84, and 88% of the 0, 120, 200, and 500 ppm diets, respectively, were consumed at over 99% of the 

MER for each dog. The average caloric consumption over each 5-day treatment period was more than 

99% of the MER for each dog except Dog 4. Dog 4 averaged a consumption of less than 99% of the 

calculated MER for 3 of the 4 treatments: 0 ppm (56%), 120 ppm (82%), and 500 ppm (87%; data not 

shown). 

Table 6. Consumption rate of dry dog foods containing olive extract. 

Consumption rate, % Day 1 Day 2 Day 3 Day 4 Day 5 Average SEM1 

0 ppm (Control) 59.4 52.8 63.2 62.0 63.2 60.1 3.87 

120 ppm 66.7 60.9 63.7 0.62 64.4 63.6 3.87 

200 ppm 67.0 57.8 66.4 66.7 57.1 63.0 3.87 

500 ppm 65.2 63.4 69.1 67.2 60.7 65.1 3.87 

1 Standard error of mean. 

Figure 2 displays individual dog food consumption alongside the mean and standard error for 

each day and OE inclusion. A numeric drop in feed consumption was observed across all groups on 

day 2 but did not persist through the duration of the feeding period. Feed consumption within each 

group ranged from less than 100 g to the complete 400 g ration being consumed on a given day. Any 

significant results associated with study timepoint were likely due to individual animal variation and 

not associated with OE inclusion. 

Table 7 demonstrates the outputs and P-values for the linear and quadratic contrasts performed 

to evaluate if increasing OE inclusion was associated with dog food consumption trends. The 

intercept is the base feed consumption when OE inclusion is 0 ppm (control) and the estimates are 

the unit of change attributed to increasing OE inclusion for each contrast. No significant differences 

were observed for food consumption within each day or for the 5-day study average. This combined 

with the small magnitude of change associated with increasing inclusion (Table 7) indicated that OE 

from 120 to 500 ppm was neither a significant driver nor deterrent for canine food acceptance. 
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Figure 2. Dog food consumption when offered diets with 0, 120, 200, or 500 ppm olive extract as part of a liquid 

palatant applied to kibble. Data bars represent the mean food consumption ± standard error of the mean. Data 

points within a treatment and timepoint represent food consumption for an individual dog. 

Table 7. Results of linear and quadratic contrasts to evaluate effects of increasing olive extract inclusion1 when 

fed to dogs over a 5-day period. 

Linear Contrasts2 

Timepoint Intercept Estimate Standard Error P-value 

Day 1 258.03 0.08 0.07 0.57 

Day 2 234.80 0.09 0.07 0.16 

Day 3 262.40 0.05 0.06 0.30 

Day 4 258.30 0.06 0.07 0.39 

Day 5 245.30 -0.05 0.06 0.61 

Average 251.80 0.05 0.05 0.41 

Quadratic Contrasts3 

Timepoint Intercept Estimate Standard Error P-value 

Day 1 258.03 -0.0004 0.0004 0.30 

Day 2 234.80 -0.0002 0.0004 0.63 

Day 3 262.40 -0.00002 0.0003 0.95 

Day 4 258.30 -0.0001 0.0004 0.78 

Day 5 245.30 0.0002 0.0003 0.54 

Average 251.80 -0.00009 0.0003 0.74 

1 Olive extract was applied as part of a liquid palatant at 0, 120, 200, and 500 ppm coated onto kibble. 2 Linear 

contrast coefficients were calculated in base R: -205, -85, -5, 295. 3 Quadratic contrast coefficients were calculated 

in base R: 7950, -26850, -34050, 52950. 

3.4. Acceptance Testing for Wet Food Applications 

All treatment wet foods had similar chemical composition (Table 8) and, therefore, macro-

/micronutrient content should not confound the palatability data. Each dog was fed a total of 1120 g 

of canned food over every 5-day treatment period and all offering was completely consumed (data 

not shown). Statistics were not performed as there was no difference in consumption rate among 

treatments. The results from the canned food acceptance support findings from dry diet acceptance 

tests, showing that the inclusion of OE does not deter the food acceptance for dogs. 

Table 8. Chemical composition of canned foods containing olive extract. 

 0 ppm 

(Control) 

120 ppm 200 ppm 500 pm 

Dry matter, % 26.3  26.6  26.0  25.9  

 --- Dry matter basis --- 

Crude protein, % 46.8  48.1  50.0  48.3  

Acid hydrolyzed fat, % 38.0  38.7  39.2  39.0  

Crude fiber1, % n.d.  n.d.  n.d.  n.d.  

Ash, % 10.1  10.3  9.0  10.5  

Sulfur, % 0.76  0.83  0.81  0.77  

Phosphorus, % 1.79  2.10  1.77  1.74  

Potassium, % 0.99  1.05  1.00  0.96  

Magnesium, % 0.11  0.11  0.12  0.12  

Calcium, % 0.57  1.09  0.50  0.54  
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Sodium, % 2.02  2.18  2.08  1.97  

Iron, ppm  325  352  330  325  

Manganese, ppm  14.4  15.4  14.2  13.9  

Copper, ppm 46.0  47.4  45.0  42.5  

Zinc, ppm 200  222  203  207  

1 n.d.: not detected. 

4. Conclusions 

Olive extract is a novel ingredient for pet foods and contains characteristic aromatic compounds 

that could be used as a flavor in dog foods. Testing showed high acceptance for all treatment foods, 

suggesting that adding olive extract to dry or canned foods at 120 to 500 ppm did not alter the dogs’ 

interest in consumption of the foods. 
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