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Abstract 

Esophageal dysmotility is common in infants. We aimed to evaluate the influence of milk temperature on 

esophageal motility using multichannel impedance-pH monitoring (MII-pH). Five healthy lambs, aged 2-3 days, 

underwent a MII-pH while bottle-fed randomly with 50 ml of ewe milk at 26°, 38.5° and 41.5 °C. Impedance 

motility parameters were studied on 5 swallows at each temperature. At 38.5°C we noted a higher total 

propagation velocity and a shorter total bolus transit time (p<0.05). Those unique results suggest a potential 

role for milk temperature alterations to improve oral feeding in infants with esophageal dysmotility. 

Keywords: swallowing; animal model; multichannel impedance monitoring 

Main text 

The primary function of the esophagus is to transport swallowed material from the pharynx to the stomach. 

Numerous treatments have been proposed to improve swallowing disorders, such as modification of the 

ingesta volume, composition or viscosity [1, 2]. To our knowledge, however, no study has explored the impact 

of milk temperature on newborn esophageal motility. 

Previous in vivo studies have demonstrated similarities between the ovine and human esophagus with 

respect to thickness and histological structure [3]. This led us to hypothesize that the newborn lamb is a 

relevant model for swallowing studies in certain neonatal conditions. 

Our aim was thus to determine esophageal motility characteristics in different milk temperature 

conditions in the healthy, newborn lamb at term, using for the first time MII-pH in a newborn animal. The 

application would be to adapt the diet to the needs of dysphagic infants. 

MII-pH was performed in 5 lambs aged from 2 to 3 days and weighing 3.6 ± 0.7 Kg on the experimental 

day. All lambs were born at term by spontaneous vaginal delivery and were bottle fed with reconstitute ewe 

milk (please refer to the Supplementary material file for additional information). 
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The study was approved by the ethics committee for animal care and experimentation of the 

Université de Sherbrooke, Québec. 

Lambs were studied while comfortably positioned in a sling. They were given a 50 ml bottle of 

reconstitute ewe milk at 3 different temperatures in a random order: 26°, 38.5° and 41.5°C. The milk was 

warmed by a digital water bath that provides a reliable temperature control (Temperature uniformity:  ± 0.2°C 

and stability: ± 0.25°C). When the desired temperature was reached, the milk was given immediately. The 

suckling duration was less than 15 s. The same custom made bottle and teat were used for all lambs. Two 

successive feeding episodes were separated by one hour.  

Definitions of swallowing variables and characteristic pattern produced by a bolus swallow in the MII-

pH recording have been described in a previous publication [4]. 

Statistical analysis is detailed in the Supplementary material. 

Mean lamb body temperature was 39.1°C (0.9). All swallows studied were complete in each 

temperature condition. The mean total bolus transit time was significantly shorter at 38.5°C (P <0.05) 

compared to 26°C and 41.5°C (0.8 s vs 1.0 s and 0.8 s vs 1.0 s). Moreover, the total propagation velocity was 

significantly higher at 38.5°C (P <0.05) if compared with 26°C and 41.5°C (16 vs 13 cm/s and 16 vs 14 cm/s). No 

significant difference for both variables was seen between 26° and 41.5°C. 

The other esophageal swallowing variables were not significantly changed (please refer to the Supplementary 

material file). 

 

This study was performed to measure the impact of different milk temperatures (within the range 

used in human newborns) on esophageal motility. Very few data are available on esophageal thermoreceptors 

and their effect on esophageal motility. Three types of thermoreceptors have been described in cats: warm 

(range of discharge 39-50°C), cold (10-35°C) and mixed receptors (10-35 and 39-50°C). Warm receptor 

stimulation was found to depress nerve-induced contractions of the proximal esophagus, while cold receptor 

stimulation increased them [5]. In addition, mean esophageal transit time is transiently increased after cold 
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water ingestion in humans [6]. Our results in lambs suggest that modulation of esophageal thermoreceptor 

activity by milk temperature can alter esophageal body motility in newborn mammals. Importance of those 

results stems from the well-known immaturity of esophageal body motor function in the newborn, especially 

preterm [7-9], as well as marked anomalies of this motor function in disorders such as diaphragmatic hernia, 

gastroschisis or esophageal atresia [10]. While recent data showing that the pharyngeal swallowing reflex is 

delayed the most around body temperature in elderly dysphagic people [11], we propose that the esophageal 

phase of swallowing might be improved by using milk temperature close to body temperature in neonatal 

conditions with immature or impaired esophageal motility. 
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